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1

METHODS AND APPARATUS FOR CLEAR
CHANNEL ASSESSMENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Application No. 61/843,315, filed Jul. 5, 2013, and entitled

“METHODS AND APPARATUS FOR CLEAR CHANNEL
ASSESSMENT” and assigned to the assignee hereof. The

disclosure of this prior application 1s considered part of this
application, and 1s hereby incorporated by reference 1n 1ts
entirety.

BACKGROUND

Field

The present application relates generally to wireless com-
munications, and more specifically to systems, methods, and
devices for channel-dependent clear channel assessment
evaluation procedures.

Background

In many telecommunication systems, communications
networks are used to exchange messages among several
interacting spatially-separated devices. Networks may be
classified according to geographic scope, which could be,
for example, a metropolitan area, a local area, or a personal
area. Such networks would be designated respectively as a
wide area network (WAN), metropolitan area network
(MAN), local area network (LAN), or personal area network
(PAN). Networks also differ according to the switching/
routing technique used to interconnect the various network
nodes and devices (e.g. circuit switching vs. packet switch-
ing), the type of physical media employed for transmission
(c.g. wired vs. wireless), and the set of communication
protocols used (e.g. Internet protocol suite, SONET (Syn-
chronous Optical Networking), Ethernet, etc.).

Wireless networks are often preferred when the network
clements are mobile and thus have dynamic connectivity
needs, or 1f the network architecture 1s formed 1n an ad hoc,
rather than fixed, topology. Wireless networks employ intan-
gible physical media 1n an unguided propagation mode using
clectromagnetic waves 1n the radio, microwave, 1nfra-red,
optical, etc. frequency bands. Wireless networks advanta-
geously facilitate user mobility and rapid field deployment
when compared to fixed wired networks.

The devices 1n a wireless network may transmit/receive
information between each other. The information may com-
prise packets, which 1n some aspects may be referred to as
data units. The packets may include overhead information
(e.g., header information, packet properties, etc.) that helps
in routing the packet through the network, identifying the
data in the packet, processing the packet, etc., as well as
data, for example user data, multimedia content, etc. as
might be carried 1n a payload of the packet.

SUMMARY

Various implementations of systems, methods and devices
within the scope of the appended claims each have several
aspects, no single one of which 1s solely responsible for the
desirable attributes described herein. Without limiting the
scope of the appended claims, some prominent features are
described heremn. After considering this discussion, and
particularly after reading the section entitled “Detailed
Description” one will understand how the features of various
implementations allow tuning of medium access parameters.
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2

One aspect disclosed 1s a method of clear channel assess-
ment on a wireless network. The method includes perform-
ing a first back-ofl procedure based on a transmit power
level, and transmitting the wireless message at the transmit
power level 1n response to a completion of the first back-oil
procedure. In some aspects, the first back-ofl procedure
includes determining a first energy threshold based on the
transmit power, and determining whether a transmission
channel 1s available based at least 1n part on the first energy
threshold. In some of these aspects, the first back-ofl pro-
cedure further includes determining whether a packet is
detected on the transmission channel, and determining
whether the transmission channel 1s available based at least
in part on whether a Wi-F1 packet 1s detected.

Some aspects of the method further include determining
a transmission bandwidth for the wireless message, and
determining the transmit power based on the transmission
bandwidth. In some aspects of the method, the first back-oil
procedure 1s based on the transmission bandwidth, and the
method further includes in response to completion of the
first back-ofl procedure, determining an availability of a
second transmission bandwidth, wherein the wireless mes-
sage 1s transmitted at the second transmission bandwidth 1f
the wireless medium 1s available, and performing a second
back-ofl procedure 11 the wireless medium 1s not available.

In some aspects of the method, the first back-ofl proce-
dure includes performing at least two sub-back-oil proce-
dures in parallel, each sub-back-ofl procedure based on a
different transmission bandwidth, in response to a {irst
sub-back-ofl procedure of the at least two sub-back-off
procedures reaching a first completion threshold, determin-
ing whether a first transmission bandwidth corresponding to
the first sub-back-ofl procedure i1s available during a time
period, and wherein the wireless message 1s transmitted over
the first transmission bandwidth 11 1t 1s available during the
time period.

In some of these aspects, the first back-ofl procedure
further includes 1n response to a second of the at least two
sub-back-ofl procedures reaching a second completion
threshold, determining whether a second transmission band-
width corresponding to the second sub-back-oil procedure 1s
available during a time period, and wherein the wireless
message 1s transmitted over the second transmission band-
width 1if 1t 1s available during the time period. In some
aspects, the time period 1s a PIFS time period.

In some aspects of the method, performing a first back-ofl
procedure includes performing a back-ofl procedure based
on a {irst transmission bandwidth, 1n response to completion
of the back-ofl procedure, determining 11 the first transmis-
s1ion bandwidth 1s available, wherein the wireless message 1s
transmitted at the first transmission bandwidth with a first
power level 11 the first transmission bandwidth 1s available,
and wherein the wireless message 1s transmitted at a trans-
mission bandwidth lower than the first transmission band-
width, and at a power level lower than the first power level
il the first transmission bandwidth 1s not available.

In some aspects of the method, performing a first back-ofl
procedure includes performing a first sub-back-off based on
a first transmission bandwidth, and after completion of the
first sub-back-ofl procedure, performing a second sub-back
ofl procedure based on a second transmission bandwidth
wider than the first bandwidth, where the wireless message
1s transmitted at the second transmission bandwidth 1n
response to completion of the second sub-back-ofl proce-
dure.
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In some of these aspects, the first sub-back-ofl procedure
1s based on a measurement of energy over the first trans-

mission bandwidth relative to the first energy detection
threshold.

In some aspects of the method, performing a first back-oil
procedure includes performing a first sub-back-ofl proce-
dure based on a first transmission bandwidth, 1n response to
completion of the first sub-back-ofl procedure, determining
whether the first transmission bandwidth 1s available,
wherein the wireless message 1s transmitted at the first
transmission bandwidth 1f 1t 1s available, if the first trans-
mission bandwidth 1s not available, performing a second
sub-back-ofl procedure based on a second transmission
bandwidth lower than the first transmission bandwidth, and
in response to completion of the second sub-back-ofl pro-
cedure, determining whether the second transmission band-
width 1s available, wherein the wireless message 1s trans-
mitted at the second transmission bandwidth 1f 1t 1s
available.

In some aspects of the method, performing a first back-oil
procedure includes performing a first sub-back-ofl proce-
dure based on a first transmission bandwidth and based on
a first power level, and then 1n response to a completion of
the first sub-back-off procedure, determining 11 a second
transmission bandwidth wider than the first transmission
bandwidth 1s available based on a second transmission
power level higher than the first transmission power level,
wherein the wireless message 1s transmitted at the second
transmission bandwidth at a third power level below the
second power level and above the first power level 1t the
second transmission bandwidth 1s available, and wherein the
wireless message 1s transmitted at the first transmission
bandwidth and the first transmission power level 1f the
second transmission bandwidth 1s not available.

In some of these aspects, the third power level 1s less than
or equal to the first transmission bandwidth (dB)+(10*1logl10
(x1/x2) Db) where: x1=the first transmission bandwidth and
x2=the second transmission bandwidth.

Another aspect disclosed 1s an apparatus for clear channel
assessment on a wireless network. The apparatus 1includes a
processor configured to perform a first back-oil procedure
based on a transmit power level; and a transmitter config-
ured to transmit the wireless message at the transmit power
level 1n response to a completion of the first back-off
procedure.

In some aspects of the apparatus, the processor 1s further
configured to perform the first back-ofl procedure by: deter-
mimng a first energy threshold based on the transmait power;
and determining whether a transmission channel 1s available
based at least in part on the first energy threshold.

In some aspects of the apparatus, the processor 1s further
configured to perform the first back-ofl procedure by: deter-
miming whether a packet 1s detected on the transmission
channel; and determining whether the transmission channel
1s available based at least 1n part on whether a Wi-F1 packet
1s detected.

In some aspects of the apparatus, the processor 1s further
configured to: determine a transmission bandwidth for the
wireless message; and determine the transmit power based
on the transmission bandwidth.

In some aspects of the apparatus, the first back-ofl pro-
cedure 1s based on the transmission bandwidth. In these
aspects, the processor 1s further configured to: 1n response to
completion of the first back-ofl procedure, determine an
availability of a second transmission bandwidth, wherein the
wireless message 1s transmitted at the second transmission
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bandwidth 1f the wireless medium 1s available, and perform
a second back-oll procedure 1f the wireless medium 1s not
available.

In some aspects of the apparatus, the processor 1s further
configured to perform the first back-ofl procedure by: per-
forming at least two sub-back-ofl procedures in parallel,
cach sub-back-ofl procedure based on a diflerent transmis-
s1ion bandwidth, 1n response to a first sub-back-ofl procedure
of the at least two sub-back-ofl procedures reaching a first
completion threshold, determining whether a first transmis-
sion bandwidth corresponding to the first sub-back-ofl pro-
cedure 1s available during a time period, and wherein the
transmitter 1s further configured to transmit the wireless
message over the first transmission bandwidth 1f 1t 1s avail-
able during the time period.

In some aspects of the apparatus, the processor 1s further
configured to perform the first back-ofl procedure by: 1n
response to a second of the at least two sub-back-ofl
procedures reaching a second completion threshold, and
determining whether a second transmission bandwidth cor-
responding to the second sub-back-oil procedure 1s available
during a time period. In these aspects, the transmitter 1s
configured to transmit the wireless message over the second
transmission bandwidth 11 1t 1s available during the time
period. In some of these aspects, the time period 1s a PIFS
time period.

In some aspects of the apparatus, the processor 1s further
configured to perform the first back-ofl procedure by: per-
forming a back-ofl procedure based on a first transmission
bandwidth, and, in response to completion of the back-oil
procedure, determining 11 the first transmission bandwidth 1s
available. In these aspects, the transmitter 1s configured to
transmit the wireless message at the first transmission band-
width with a first power level 1f the first transmission
bandwidth 1s available, and the transmitter 1s configured to
transmit the wireless message at a transmission bandwidth
lower than the first transmission bandwidth, and at a power
level lower than the first power level i1 the first transmission
bandwidth 1s not available.

In some aspects of the apparatus, the processor 1s further
configured to perform a first back-ofl procedure by: per-
forming a first sub-back-oil based on a first transmission
bandwidth; and after completion of the first sub-back-oil
procedure, performing a second sub-back off procedure
based on a second transmission bandwidth wider than the
first bandwidth. In these aspects, the transmitter 1s config-
ured to transmit the wireless message at the second trans-
mission bandwidth in response to completion of the second
sub-back-ofl procedure. In some of these aspects, the pro-
cessor 1s configured to base the first sub-back-ofl procedure
on a measurement of energy over the first transmission
bandwidth relative to the first energy detection threshold.

In some aspects of the apparatus the processor 1s further
configured to perform a first back-ofl procedure by: per-
forming a first sub-back-ofl procedure based on a first
transmission bandwidth, and 1n response to completion of
the first sub-back-ofl procedure, determining whether the
first transmission bandwidth 1s available, wherein the trans-
mitter 1s configured to transmit the wireless message at the
first transmission bandwidth 1t i1t 1s available. In these
aspects, 1f the first transmission bandwidth 1s not available,
the processor 1s configured to perform a second sub-back-oil
procedure based on a second transmission bandwidth lower
than the first transmission bandwidth; and

in response to completion of the second sub-back-off
procedure, determining whether the second transmission
bandwidth 1s available. In these aspects, the transmitter 1s
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configured to transmit the wireless message at the second
transmission bandwidth 11 1t 1s available.

In some aspects of the apparatus. the processor 1s Turther
configured to perform a first back-ofl procedure by: per-
forming a first sub-back-ofl procedure based on a first
transmission bandwidth and based on a first power level; in
response to a completion of the first sub-back-oil procedure,
determining if a second transmission bandwidth wider than
the first transmission bandwidth 1s available based on a
second transmission power level higher than the first trans-
mission power level. In these aspects, the transmitter 1s
configured to transmit the wireless message at the second
transmission bandwidth at a third power level below the
second power level and above the first power level it the
second transmission bandwidth 1s available. In these aspects,
the transmitter 1s configured to transmit the wireless mes-
sage at the first transmission bandwidth and the first trans-
mission power level 1 the second transmission bandwidth 1s
not available.

In some of these aspects, the processor 1s further config-
ured to determine the third power level to be less than or
equal to the first transmission bandwidth (dB)+(10*logl0O
(x1/x2) Db), where: x10=the first transmission bandwidth,
x2=the second transmission bandwidth.

Another aspect disclosed 1s an apparatus for clear channel
assessment on a wireless network. The apparatus includes
means for performing a first back-ofl procedure based on a
transmit power level, and means for transmitting the wire-
less message at the transmit power level 1n response to a
completion of the first back-ofl procedure.

In some aspects of the apparatus, the means for perform-
ing the first back-ofl procedure 1s further configured to:
determine a first energy threshold based on the transmuit
power; and determine whether a transmission channel 1s
available based at least 1n part on the first energy threshold.

In some aspects of the apparatus, the means for perform-
ing the first back-ofl procedure 1s further configured to:
determine whether a packet 1s detected on the transmission
channel; and determine whether the transmission channel 1s
available based at least 1n part on whether a Wi-Fi packet 1s
detected.

Some aspects of the apparatus further include means for
determining a transmission bandwidth for the wireless mes-
sage; and means for determiming the transmit power based
on the transmission bandwidth.

In some aspects of the apparatus, the means for perform-
ing the first back-oil procedure 1s configured to base the first
back off procedure on the transmission bandwidth. In these
aspects, the apparatus further comprises means for 1n
response to completion of the first back-ofl procedure,
determining an availability of a second transmission band-
width, wherein the wireless message 1s transmitted at the
second transmission bandwidth it the wireless medium 1s
available, and means for performing a second back-oif
procedure 1f the wireless medium 1s not available.

In some aspects of the apparatus, the means for perform-
ing the first back-ofl procedure 1s turther configured to:
perform at least two sub-back-oil procedures in parallel,
cach sub-back-ofl procedure based on a diflerent transmis-
s1on bandwidth, 1n response to a first sub-back-ofl procedure
of the at least two sub-back-ofl procedures reaching a first
completion threshold, determine whether a first transmission
bandwidth corresponding to the first sub-back-oil procedure
1s available during a time period. In these aspects, the means
for transmitting the wireless message 1s configured to trans-
mit the wireless message over the first transmission band-
width if 1t 1s available during the time period.
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In some aspects of the apparatus, the means for perform-
ing the first back-oil procedure 1s further configured to: 1n
response to a second of the at least two sub-back-ofl
procedures reaching a second completion threshold, deter-
mining whether a second transmission bandwidth corre-
sponding to the second sub-back-ofl procedure 1s available
during a time period. In these aspects, the means for trans-
mitting the wireless message 1s configured to transmit the
wireless message over the second transmission bandwidth 1t
it 1s available during the time period. In some aspects of the
apparatus, the time period 1s a PIFS time period.

In some aspects of the apparatus, the means for perform-
ing a first back-ofl procedure 1s further configured to:
perform a back-ofl procedure based on a first transmission
bandwidth; 1n response to completion of the back-ofl pro-
cedure, determine 1f the first transmission bandwidth 1s
available, wherein the means for transmitting the wireless
message 1s configured to transmit the wireless message at
the first transmission bandwidth with a first power level i
the first transmission bandwidth 1s available. In these
aspects, the means for transmitting the wireless message 1s
configured to transmit the wireless message at a transmis-
sion bandwidth lower than the first transmission bandwidth,
and at a power level lower than the first power level 1f the
first transmission bandwidth 1s not available.

In some aspects of the apparatus, the means for perform-
ing a first back-ofl procedure 1s configured to perform a first
sub-back-off based on a first transmission bandwidth; and
alter completion of the first sub-back-ofl procedure, perform
a second sub-back off procedure based on a second trans-
mission bandwidth wider than the first bandwidth. In these
aspects, the means for transmitting the wireless message 1s
configured to transmit the wireless message at the second
transmission bandwidth in response to completion of the
second sub-back-ofl procedure.

In some of these aspects, the means for performing the
first back-ofl procedure 1s configured to base the first sub-
back-ofl procedure on a measurement of energy over the first
transmission bandwidth relative to the first energy detection
threshold.

In some aspects of the apparatus, the means for perform-
ing a first back-ofl procedure 1s further configured to:
perform first sub-back-ofl procedure based on a first trans-
mission bandwidth; in response to completion of the first
sub-back-ofl procedure, determining whether the first trans-
mission bandwidth 1s available. In these aspects, the means
for transmitting the wireless message 1s further configured to
transmit the wireless message at the first transmission band-
width 1T 1t 1s available. In these aspects, the means for
performing a first back-ofl procedure 1s further configured
to: 11 the first transmission bandwidth i1s not available,
perform a second sub-back-ofl procedure based on a second
transmission bandwidth lower than the first transmission
bandwidth; and 1n response to completion of the second
sub-back-ofl procedure, determining whether the second
transmission bandwidth 1s available, wherein the means for
transmitting the wireless message 1s configured to transmit
the wireless message at the second transmission bandwidth
if 1t 1s available.

In some aspects of the apparatus, the means for perform-
ing a first back-ofl procedure 1s further configured to:
perform a first sub-back-ofl procedure based on a first
transmission bandwidth and based on a first power level; in
response to a completion of the first sub-back-oil procedure,
determining if a second transmission bandwidth wider than
the first transmission bandwidth 1s available based on a
second transmission power level higher than the first trans-
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mission power level, wherein the means for transmitting the
wireless message 1s configured to transmit the wireless
message at the second transmission bandwidth at a third
power level below the second power level and above the first
power level 1 the second transmission bandwidth 1s avail-
able, and wherein the means for transmitting the wireless
message 1s configured to transmit the wireless message at
the first transmission bandwidth and the first transmission
power level 1f the second transmission bandwidth 1s not
available.

In some of these aspects, the means for transmitting 1s
configured to determine the third power level 1s less than or
equal to the first transmission bandwidth (dB)+(10*logl0
(x1/x2) Db) where: x1=the first transmission bandwidth
x2=the second transmission bandwidth

Another aspect disclosed 1s a computer readable storage
medium including instructions that when executed cause a
processor to perform a method of clear channel assessment
on a wireless network. The method includes performing a
first back-ofl procedure based on a transmit power level, and
transmitting the wireless message at the transmit power level
in response to a completion of the first back-ofl procedure.
In some aspects of the method, the first back-oil procedure
includes determining a first energy threshold based on the
transmit power, and determining whether a transmission
channel 1s available based at least 1in part on the first energy
threshold. In some of these aspects of the method, the first
back-ofl procedure further includes determining whether a
packet 1s detected on the transmission channel, and deter-
mimng whether the transmission channel 1s available based
at least 1n part on whether a Wi-Fi packet 1s detected.

Some aspects of the method further include determining
a transmission bandwidth for the wireless message, and
determining the transmit power based on the transmission
bandwidth. In some aspects of the method, the first back-oil
procedure 1s based on the transmission bandwidth, and the
method further includes in response to completion of the
first back-ofl procedure, determining an availability of a
second transmission bandwidth, wherein the wireless mes-
sage 1s transmitted at the second transmission bandwidth 1f
the wireless medium 1s available, and performing a second
back-ofl procedure i1 the wireless medium is not available.

In some aspects of the method, the first back-ofl proce-
dure includes performing at least two sub-back-ofl proce-
dures in parallel, each sub-back-ofl procedure based on a
different transmission bandwidth, in response to a first
sub-back-ofl procedure of the at least two sub-back-ofl
procedures reaching a first completion threshold, determin-
ing whether a first transmission bandwidth corresponding to
the first sub-back-ofl procedure i1s available during a time
period, and wherein the wireless message 1s transmitted over
the first transmission bandwidth 1t it 1s available during the
time period.

In some of these aspects of the method, the first back-oil
procedure further includes that, 1n response to a second of
the at least two sub-back-ofl procedures reaching a second
completion threshold, determining whether a second trans-
mission bandwidth corresponding to the second sub-back-
ofl procedure 1s available during a time period, and wherein
the wireless message 1s transmitted over the second trans-
mission bandwidth 1t it 1s available during the time period.
In some aspects, the time period 1s a PIFS time period.

In some aspects of the method, performing a first back-oil
procedure includes performing a back-ofl procedure based
on a {irst transmission bandwidth, 1n response to completion
of the back-ofl procedure, determining 11 the first transmis-
sion bandwidth 1s available, wherein the wireless message 1s
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transmitted at the first transmission bandwidth with a first
power level 11 the first transmission bandwidth 1s available,
and wherein the wireless message 1s transmitted at a trans-
mission bandwidth lower than the first transmission band-
width, and at a power level lower than the first power level
if the first transmission bandwidth 1s not available.

In some aspects of the method, performing a first back-ofl
procedure 1ncludes performing a first sub-back-ofl based on
a first transmission bandwidth, and after completion of the
first sub-back-ofl procedure, performing a second sub-back
ofl procedure based on a second transmission bandwidth
wider than the first bandwidth, wherein the wireless message
1s transmitted at the second transmission bandwidth 1n
response to completion of the second sub-back-ofl proce-
dure.

In some of these aspects, the first sub-back-oil procedure
1s based on a measurement of energy over the first trans-
mission bandwidth relative to the first energy detection
threshold.

In some aspects of the method, performing a first back-oft
procedure includes performing a first sub-back-ofl proce-
dure based on a first transmission bandwidth, 1n response to
completion of the first sub-back-ofl procedure, determining
whether the first transmission bandwidth 1s available,
wherein the wireless message 1s transmitted at the first
transmission bandwidth 1f 1t 1s available, if the first trans-
mission bandwidth 1s not available, performing a second
sub-back-off procedure based on a second transmission
bandwidth lower than the first transmission bandwidth, and
in response to completion of the second sub-back-ofl pro-
cedure, determining whether the second transmission band-
width 1s available, wherein the wireless message 1s trans-
mitted at the second transmission bandwidth 1t 1t 1s
available.

In some aspects of the method, performing a first back-oft
procedure includes performing a first sub-back-ofl proce-
dure based on a first transmission bandwidth and based on
a first power level, and then 1n response to a completion of
the first sub-back-ofl procedure, determining 11 a second
transmission bandwidth wider than the first transmission
bandwidth 1s available based on a second transmission
power level higher than the first transmission power level,
wherein the wireless message 1s transmitted at the second
transmission bandwidth at a third power level below the
second power level and above the first power level 11 the
second transmission bandwidth 1s available, and wherein the
wireless message 1s transmitted at the first transmission
bandwidth and the first transmission power level 1f the
second transmission bandwidth 1s not available.

In some of these aspects, the third power level 1s less than
or equal to the first transmission bandwidth (dB)+(10*1log10
(x1/x2) Db) where: x1=the first transmission bandwidth and
x2=the second transmission bandwidth.

Another aspect disclosed 1s a method of clear channel
assessment on a wireless network. The method includes
determining a clear channel assessment (CCA) threshold
based on a first transmission bandwidth, performing a first
back-ofl procedure based on the determined clear channel
assessment threshold; and transmitting a first wireless mes-
sage over the first transmission bandwidth 1n response to a
completion of the first back-ofl procedure. In some aspects,
the method 1ncludes determining a packet detection energy
threshold based on a first transmission bandwidth. Perform-
ing the first back-ofl procedure includes detecting whether a
packet 1s being transmitted on the wireless network based on
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the packet detection energy threshold, and determining
whether the first transmission bandwidth 1s idle based on
whether a packet 1s detected.

In some aspects, the method also includes determining a
first energy threshold based on the first transmission band-
width. In these aspects, performing the first back-oil proce-
dure includes determining whether a received wireless net-
work energy level at the first transmission bandwidth 1s
below the first energy threshold, and determining whether
the first transmission bandwidth 1s 1dle based on whether the
energy level 1s below the first energy threshold.

In some aspects, the first back-ofl procedure comprises
performing at least two sub-back-ofl procedures at least
partially 1n parallel, each sub-back-ofl procedure based on a
different corresponding transmission bandwidth. In some of
these aspects, the method also includes completing a first of
the at least two sub-back ofl procedures; and transmitting the
first wireless message over a transmission bandwidth cor-
responding to the first sub-back-ofl procedure 1n response to
a completion of the first sub-back-ofl procedure.

In some aspects of the method, performing the first
back-ofl procedure includes determining whether the first
transmission bandwidth 1s available 1n response to comple-
tion of the first back-ofl procedure. In these aspects, the first
wireless message 1s transmitted at the first transmission
bandwidth 11 1t 1s available. If the first transmission band-
width 1s not available, performing a second back-oil proce-
dure based on a second transmission bandwidth lower than
the first transmission bandwidth; and 1n response to comple-
tion of the second back-oil procedure, determining whether
the second transmission bandwidth 1s available, wherein the
first wireless message 1s transmitted at the second transmis-
sion bandwidth 1f 1t 1s available.

Another aspect disclosed 1s an apparatus for clear channel
assessment on a wireless network. The apparatus includes a
processor configured to determine a clear channel assess-
ment (CCA) threshold based on a first transmission band-
width, and perform a first back-ofl procedure based on the
determined clear channel assessment threshold; and a trans-
mitter configured to transmit a first wireless message over
the first transmission bandwidth in response to a completion
of the first back-ofl procedure.

In some aspects of the apparatus, the processor 1s further
configured to determine a packet detection energy threshold
based on a first transmission bandwidth. In these aspects, the
processor 1s configured to perform the first back-ofl proce-
dure by: detecting whether a packet 1s being transmitted on
the wireless network based on the packet detection energy
threshold, and determining the first transmission bandwidth
1s 1dle 11 a packet 1s not detected.

In some aspects, of the apparatus, the processor 1s further
configured to determine a first energy threshold based on the
first transmission bandwidth, wherein the processor 1s fur-
ther configured to perform the first back-oil procedure by:
determining whether a received wireless network energy
level at the first transmission bandwidth 1s below the first
energy threshold, and determining the first transmission
bandwidth 1s 1dle 11 the energy level 1s below the first energy
threshold.

In some aspects of the apparatus, the processor 1s con-
figured to perform the first back-oil procedure by perform-
ing at least two sub-back-ofil procedures at least partially 1n
parallel, each sub-back-ofl procedure based on a diflerent
corresponding transmission bandwidth.

In some aspects of the apparatus, the processor 1s further
configured to complete a first of the at least two sub-back off
procedures; and transmit the first wireless message over a
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transmission bandwidth corresponding to the first sub-back-
ofl procedure 1n response to a completion of the first
sub-back-ofl procedure. In some aspects of the apparatus,
the processor 1s configured to perform the first back-oil
procedure by determining whether the first transmission
bandwidth 1s available in response to completion of the first
back-ofl procedure, transmitting the first wireless message at
the first transmission bandwidth if it 15 determined to be
available. I the first transmission bandwidth 1s not available,
performing a second back-ofl procedure based on a second
transmission bandwidth lower than the first transmission
bandwidth, determining whether the second transmission
bandwidth 1s available 1n response to completion of the
second back-oil procedure, and transmitting the first wire-
less message at the second transmission bandwidth 1t 1t 1s
determined to be available.

Another aspect disclosed 1s an apparatus for clear channel
assessment on a wireless network. The apparatus 1ncludes
means for determining a clear channel assessment (CCA)
threshold based on a first transmission bandwidth, means for
performing a first back-ofl procedure based on the deter-
mined clear channel assessment threshold, and means for
transmitting a first wireless message over the first transmis-
sion bandwidth 1n response to a completion of the first
back-ofl procedure.

In some aspects of the apparatus, the apparatus includes
means for determining a packet detection energy threshold
based on a first transmission bandwidth. In these aspects, the
means for performing the first back-off procedure 1s config-
ured to detect whether a packet 1s being transmitted on the
wireless network based on the packet detection energy
threshold, and determine the first transmission bandwidth 1s
idle if a packet 1s not detected.

Some aspects of the apparatus also include means for
determining a first energy threshold based on the first
transmission bandwidth. In these aspects, the means for
performing the first back-ofl procedure 1s configured to
determine whether a received wireless network energy level
at the first transmission bandwidth 1s below the first energy
threshold; and determine the first transmission bandwidth 1s
idle if the energy level 1s below the first energy threshold.

In some aspects of the apparatus, the means for perform-
ing the first back-oll procedure 1s configured to perform at
least two sub-back-ofl procedures at least partially in par-
allel, each sub-back-ofl procedure based on a different
corresponding transmission bandwidth.

Another aspect disclosed 1s a computer readable storage
medium comprising mstructions that when executed cause a
processor to perform a method of clear channel assessment
on a wireless network. The method includes determining a
clear channel assessment (CCA) threshold based on a first
transmission bandwidth, performing a first back-ofl proce-
dure based on the determined clear channel assessment
threshold; and transmitting a first wireless message over the
first transmission bandwidth in response to a completion of
the first back-ofl procedure.

In some aspects, the method also includes determining a
packet detection energy threshold based on a first transmis-
sion bandwidth. In these aspects, performing the first back-
ofl procedure includes detecting whether a packet 1s being
transmitted on the wireless network based on the packet
detection energy threshold; and determining the first trans-
mission bandwidth 1s 1dle 11 a packet 1s not detected.

In some aspects of the computer readable medium, the
method turther comprises determining a first energy thresh-
old based on the first transmission bandwidth. In these
aspects, performing the first back-ofl procedure includes
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determining whether a received wireless network energy
level at the first transmission bandwidth i1s below the first
energy threshold; and determining the first transmission
bandwidth 1s 1dle 11 the energy level 1s below the first energy
threshold. In some aspects, the method also includes per-
forming at least two sub-back-ofl procedures at least par-
tially in parallel, each sub-back-ofl procedure based on a
different corresponding transmission bandwidth.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1llustrates an example of a wireless communication
system 1n which aspects of the present disclosure may be
employed.

FI1G. 2 1llustrates an example of a wireless device that may
be employed within the wireless communication system of

FIG. 1.

FI1G. 3 illustrates an example of a division of channels 1nto
two or more types with different CCA thresholds.

FIG. 4A 1s a flowchart illustrating how clear channel
assessment 1s performed 1n one implementation of an
802.11ah wireless network.

FIG. 4B 1s a flowchart illustrating how clear channel
assessment 1s performed 1n one implementation of an
802.11ah wireless network.

FIG. 5 1s a flowchart illustrating one implementation of
clear channel assessment of a primary channel.

FIG. 6 A 1s a tlowchart 1llustrating one implementation of
clear channel assessment of a secondary channel.

FIG. 6B 1s a continuation of the flowchart in FIG. 6A,
illustrating one 1mplementation of clear channel assessment
ol a secondary channel.

FIG. 7A illustrates clear channel assessment deferral
between two wireless devices with equal transmission
power.

FIG. 7B 1illustrates clear channel assessment deferral
between two wireless devices utilizing a diflerent transmis-
51011 POWET.

FIG. 7C illustrates clear channel assessment deferral
between two wireless devices utilizing a diflerent transmis-
sion bandwidth.

FIG. 8A 1s a flowchart of a process for transmit power
based clear channel assessment on a wireless network.

FIG. 8B 1s a functional block diagram of a wireless
apparatus that may be employed within the wireless com-
munication system of FIG. 2.

FIG. 9A 1s a flowchart of one implementation of a method
of clear channel assessment. In one aspect, process 900 may
be performed by the wireless device 202 of FIG. 2.

FIG. 9B 1s a functional block diagram of a wireless
apparatus that may be employed within the wireless com-
munication system of FIG. 2.

FIG. 10A 1s a tlowchart of one implementation of clear
channel assessment.

FIG. 10B 1s a functional block diagram of a wireless
apparatus that may be employed within the wireless com-
munication system of FIG. 2.

FIG. 11A 1illustrates one example implementation of a
method of clear channel assessment on a wireless medium.

FIG. 11B 1s a functional block diagram of a wireless
apparatus that may be employed within the wireless com-
munication system of FIG. 2.

FIG. 12A illustrates one example implementation of a
method of transmait power based clear channel assessment on
a wireless medium.
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FIG. 12B 1s a functional block diagram of a wireless
apparatus that may be employed within the wireless com-

munication system of FIG. 2.

FIG. 13A 1llustrates one example implementation of a
method of transmit power based clear channel assessment on
a wireless medium.

FIG. 13B 1s a functional block diagram of a wireless
apparatus that may be employed within the wireless com-
munication system of FIG. 2.

FIG. 14A illustrates one example implementation of a
method of transmit power based clear channel assessment on
a wireless medium.

FIG. 14B 1s a functional block diagram of a wireless
apparatus that may be employed within the wireless com-
munication system of FIG. 2.

FIG. 15A 1llustrates one example implementation of a
method of clear channel assessment on a wireless network.

FIG. 15B 1s a functional block diagram of a wireless
apparatus that may be employed within the wireless com-
munication system of FIG. 2.

DETAILED DESCRIPTION

Various aspects of the novel systems, apparatuses, and
methods are described more fully heremafter with reference
to the accompanying drawings. The teachings disclosure
may, however, be embodied in many different forms and
should not be construed as limited to any specific structure
or function presented throughout this disclosure. Rather,
these aspects are provided so that this disclosure will be
thorough and complete, and will fully convey the scope of
the disclosure to those skilled in the art. Based on the
teachings herein one skilled 1n the art should appreciate that
the scope of the disclosure 1s intended to cover any aspect of
the novel systems, apparatuses, and methods disclosed
herein, whether implemented independently of or combined
with any other aspect of the invention. For example, an
apparatus may be implemented or a method may be prac-
ticed using any number of the aspects set forth herein. In
addition, the scope of the invention 1s mtended to cover such
an apparatus or method which 1s practiced using other
structure, functionality, or structure and functionality 1n
addition to or other than the various aspects of the invention
set forth herein. It should be understood that any aspect
disclosed herein may be embodied by one or more elements
of a claim.

Although particular aspects are described herein, many
variations and permutations of these aspects fall within the
scope of the disclosure. Although some benefits and advan-
tages of the preferred aspects are mentioned, the scope of the
disclosure 1s not intended to be limited to particular benefits,
uses, or objectives. Rather, aspects of the disclosure are
intended to be broadly applicable to different wireless tech-
nologies, system configurations, networks, and transmission
protocols, some of which are illustrated by way of example
in the figures and 1n the following description of the pre-
terred aspects. The detailed description and drawings are
merely 1llustrative of the disclosure rather than limiting, the
scope of the disclosure being defined by the appended
claims and equivalents thereof.

Wireless network technologies may include various types
of wireless local area networks (WLANs). A WLAN may be
used to interconnect nearby devices together, employing
widely used networking protocols. The various aspects
described herein may apply to any communication standard,
such as WikF1 or, more generally, any member of the IEEE
802.11 family of wireless protocols. For example, the vari-
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ous aspects described herein may be used as part of the IEE.
802.11ah protocol, which uses sub-1 GHz bands.

In some aspects, wireless signals 1n a sub-gigahertz band
may be transmitted according to the 802.11ah protocol using
orthogonal {frequency-division multiplexing (OFDM),
direct-sequence spread spectrum (DSSS) communications, a
combination of OFDM and DSSS communications, or other
schemes. Implementations of the 802.11ah protocol may be
used for sensors, metering, and smart grid networks. Advan-
tageously, aspects of certain devices implementing the
802.11ah protocol may consume less power than devices
implementing other wireless protocols, and/or may be used
to transmit wireless signals across a relatively long range,
for example about one kilometer or longer.

In some implementations, a WLAN 1ncludes various
devices which are the components that access the wireless
network. For example, there may be two types of devices:
access points (“APs”) and clients (also referred to as sta-
tions, or “STAs”). In general, an AP serves as a hub or base
station for the WLAN and a STA serves as a user of the
WLAN. For example, an STA may be a laptop computer, a
personal digital assistant (PDA), a mobile phone, etc. In an
example, an STA connects to an AP via a WiF1 (e.g., IEEE
802.11 protocol such as 802.11ah) compliant wireless hnk to
obtain general connectivity to the Internet or to other wide
area networks. In some implementations, an STA may also
be used as an AP.

An access point (“AP””) may also comprise, be 1mple-
mented as, or known as a NodeB, Radio Network Controller
(“RNC”), eNodeB, Base Station Controller (“BSC”), Base
Transceiver Station (“BTS”), Base Station (“*BS”), Trans-
ceiver Function (*“I'F””), Radio Router, Radio Transceiver, or
some other terminology.

A station “STA” may also comprise, be implemented as,
or known as an access terminal (“Al1”"), a subscriber station,
a subscriber unit, a mobile station, a remote station, a remote
terminal, a user terminal, a user agent, a user device, user
equipment, or some other terminology. In some 1implemen-
tations, an access terminal may comprise a cellular tele-
phone, a cordless telephone, a Session Initiation Protocol
(“SIP”) phone, a wireless local loop (“WLL”) station, a
personal digital assistant (“PDA”), a handheld device having
wireless connection capability, or some other suitable pro-
cessing device connected to a wireless modem. Accordingly,
one or more aspects taught herein may be incorporated into
a phone (e.g., a cellular phone or smartphone), a computer
(e.g., a laptop), a portable communication device, a headset,
a portable computing device (e.g., a personal data assistant),
an entertainment device (e.g., a music or video device, or a
satellite radio), a gaming device or system, a global posi-
tioming system device, or any other suitable device that 1s
configured to communicate via a wireless medium.

As discussed above, certain of the devices described
herein may implement the 802.11ah standard, for example.
Such devices, whether used as an STA or AP or other device,
may be used for smart metering or 1in a smart grid network.
Such devices may provide sensor applications or be used 1n
home automation. The devices may instead or 1n addition be
used 1 a healthcare context, for example for personal
healthcare. They may also be used for surveillance, to enable
extended-range Internet connectivity (e.g. for use with
hotspots), or to implement machine-to-machine communi-
cations.

Wireless nodes, such as stations and APs, may interact in
a Carrier Sense Multiple Access (CSMA) type network,
such as a network that conforms to the 802.11ah standard.
CSMA 1s a probabilistic Media Access Control (MAC)
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protocol. “Carrier Sense” describes the fact that a node
attempting to transmit on a medium may use feedback from
its receiver to detect a carrier wave belore trying to send 1ts
own transmission. “Multiple Access™ describes the fact that
multiple nodes may send and receive on a shared medium.
Accordingly, in a CSMA type network, a transmitting node
senses the medium and i1 the medium 1s busy (1.e. another
node 1s transmitting on the medium), the transmitting node
will defer its transmission to a later time. If, however, the
medium 1s sensed as Iree, then the transmitting node may
transmit 1ts data on the medium.

Clear Channel Assessment (CCA) 1s used to determine the
state of the medium before a node attempts to transmit
thereon. The CCA procedure 1s executed while a node’s
receiver 1s turned on and the node 1s not currently transmit-
ting a data unit such as a packet. A node may sense whether
the medium 1s clear by, for example, detecting the start of a
packet by detecting the packet’s PHY preamble. This
method may detect relatively weaker signals. Accordingly,
there 1s a low detection threshold with this method. An
alternative method 1s to detect some energy on the air, which
may be referred to as energy detection (ED). This method 1s
relatively more dificult than detecting the start of a packet
and may only detect relatively stronger signals. As such,
there 1s higher detection threshold with this method. In
general, detection of another transmission on the medium 1s
a function of the received power of the transmission, where
the recerved power 1s the transmitted power minus the path
loss.

While CSMA 1s particularly effective for mediums that
are not heavily used, performance degradation may occur
where the medium becomes crowded with many devices
trying to access 1t simultancously. When multiple transmuit-
ting nodes try to use the medium at once, collisions between
the simultaneous transmissions may occur and transmitted
data may be lost or corrupted. Because with wireless data
communications 1t 1s generally not possible to listen to the
medium while transmitting on 1t, collision detection 1s not
possible. Further, transmissions by one node are generally
only recerved by other nodes using the medium that are 1n
range of the transmitting node. This 1s known as the hidden
node problem, whereby, for example, a first node wishing to
transmit to and 1n range of a receiving node, 1s not 1n range
of a second node that 1s currently transmitting to the receiv-
ing node, and therefore the first node cannot know that the
second node 1s transmitting to the receiving node and thus
occupying the medium. In such a situation, the first node
may sense that the medium 1s free and begin to transmut,
which may then cause a collision and lost data at the
receiving node. Accordingly, collision avoidance schemes
are used to improve the performance of CSMA by attempt-
ing to divide access to the medium up somewhat equally
among all transmitting nodes within a collision domain.
Notably, collision avoidance differs from collision detection
due to the nature of the medium, in this case the radio
frequency spectrum.

In a CSMA network utilizing collision avoidance (CA), a
node wishing to transmit first senses the medium and 1f the
medium 1s busy then 1t defers (1.e. does not transmit) for a
pertod of time. The period of deferral 1s followed by a
randomized backofl period 1.e. an additional period of time
in which the node wishing to transmit will not attempt to
access the medium. The backofl period 1s used to resolve
contention between diflerent nodes trying to access a
medium at the same time. The backoll period may also be
referred to as a contention window. Backofl requires that
cach node attempting to access a medium choose a random
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number within a predefined range. Each node then waits for
the random number of time slots before attempting to access
the medium again. The node will then determine whether
another node has accessed the medium during its waiting
period.

The slot time 1s defined 1n such a way that a node will
always be capable of determining 11 another node has
accessed the medium at the beginning of the previous slot.
In particular, the 802.11 standard uses an exponential back
ofl algorithm. With the 802.11 approach, each time a node
selects a slot and senses that another node has transmitted;
it will increase the maximum number of the random range
discussed above exponentially. If, on the other hand, a node
wishing to transmit senses the medium as free for a specified
time (called the Distributed Inter Frame Space (DIFS) 1n the
802.11 standard), then the node 1s allowed to transmit on the

medium.

After a transmission occurs, a recerving node may per-
form a cyclic redundancy check (CRC) of the received data
and send an acknowledgement back to the transmitting
node. Receipt of the acknowledgment by the transmitting,
node will indicate to the transmitting node that no collision
has occurred. Similarly, no receipt of an acknowledgment at
the transmitting node will indicate that a collision has
occurred and that the transmitting node should resend the
data.

FIG. 1 1llustrates an example of a wireless communication
system 100 1n which aspects of the present disclosure may
be employed. The wireless communication system 100 may
operate pursuant to a wireless standard, for example the
802.11ah standard. The wireless communication system 100
may include an AP 104, which communicates with STAs
106.

A variety of processes and methods may be used for
transmissions in the wireless communication system 100
between the AP 104 and the STAs 106. For example, signals
may be sent and received between the AP 104 and the STAs
106 in accordance with OFDM/OFDMA techniques. If this
1s the case, the wireless communication system 100 may be
referred to as an OFDM/OFDMA system. Alternatively,
signals may be sent and received between the AP 104 and the
STAs 106 1n accordance with CDMA techniques. If this 1s
the case, the wireless communication system 100 may be
referred to as a CDMA system.

A communication link that facilitates transmission from
the AP 104 to one or more of the STAs 106 may be referred
to as a downlink (DL) 108, and a communication link that
tacilitates transmission from one or more of the STAs 106 to
the AP 104 may be referred to as an uplink (UL) 110.
Alternatively, a downlink 108 may be referred to as a
torward link or a forward channel, and an uplink 110 may be
referred to as a reverse link or a reverse channel.

The AP 104 may act as a base station and provide wireless
communication coverage 1n a basic service area (BSA) 102.
The AP 104 along with the STAs 106 associated with the AP
104 that use the AP 104 for communication may be referred
to as a basic service set (BSS). It should be noted that the
wireless communication system 100 may not have a central
AP 104, but rather may function as a peer-to-peer network
between the STAs 106. Accordingly, the functions of the AP

104 described herein may alternatively be performed by one
or more of the STAs 106.

The STAs 106 are not limited 1n type and may include a
variety of different STAs. For example, as illustrated in FIG.
1, STAs 106 can include a cellular phone 1064, a television
1065, a laptop 106¢, and a number of sensors 106d-f (e.g. a
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weather sensor or other sensor capable of communicating
using a wireless protocol), to name a few.

FIG. 2 illustrates various components that may be utilized
in a wireless device 202 that may be employed within the
wireless communication system 100. The wireless device
202 1s an example of a device that may be configured to
implement the various methods described herein. For
example, the wireless device 202 may comprise the AP 104

or one of the STAs 106.

The wireless device 202 may include a processor 204
which controls operation of the wireless device 202. The
processor 204 may also be referred to as a central processing,
unit (CPU). Memory 206, which may include both read-only
memory (ROM) and random access memory (RAM), pro-
vides instructions and data to the processor 204. A portion of
the memory 206 may also include non-volatile random
access memory (NVRAM). The processor 204 typically
performs logical and arithmetic operations based on pro-
gram 1nstructions stored within the memory 206. The
instructions i the memory 206 may be executable to
implement the methods described herein.

The processor 204 may comprise or be a component of a
processing system implemented with one or more proces-
sors. The one or more processors may be implemented with
any combination of general-purpose microprocessors,
microcontrollers, digital signal processors (DSPs), field pro-
grammable gate array (FPGAs), programmable logic
devices (PLDs), controllers, state machines, gated logic,
discrete hardware components, dedicated hardware finite
state machines, or any other suitable entities that can per-
form calculations or other manipulations of information.

The processing system may also include machine-read-
able media for storing soitware. Software shall be construed
broadly to mean any type of instructions, whether referred to
as software, firmware, middleware, microcode, hardware
description language, or otherwise. Instructions may include
code (e.g., 1 source code format, binary code format,
executable code format, or any other suitable format of
code). The instructions, when executed by the one or more
processors, cause the processing system to perform the
various functions described herein.

The wireless device 202 may also include a transmitter
210 and a receiver 212 to allow transmission and reception
of data between the wireless device 202 and a remote
location. Further, the transmitters 210 and the receiver 212
may be configured to allow transmission and reception of
setup and/or configuration packets or frames between the
wireless device 202 and a remote location including, for
example, an AP. The transmitter 210 and receiver 212 may
be combined 1nto a transcerver 214. An antenna 216 may be
attached to the housing 208 and electrically coupled to the
transceiver 214. Alternatively, or additionally, the wireless
device 202 may include an antenna 216 formed as part of the
housing 208 or may be an internal antenna. The wireless
device 202 may also include (not shown) multiple transmiut-
ters, multiple receivers, multiple transceivers, and/or mul-
tiple antennas.

The wireless device 202 may also include a signal detec-
tor 218 that may be used in an eflort to detect and quantify
the level of signals received by the transceiver 214. The
signal detector 218 may detect such signals as total energy,
energy per subcarrier per symbol, power spectral density and
other signals. The wireless device 202 may also include a
digital signal processor (DSP) 220 for use 1n processing
signals. The DSP 220 may be configured to generate a data
unmit for transmission. In some aspects, the data unit may
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comprise a physical layer data umt (PPDU). In some
aspects, the PPDU 1s referred to as a packet or a frame.

The wireless device 202 may further comprise a user
interface 222 1in some aspects. The user interface 222 may
comprise a keypad, a microphone, a speaker, and/or a
display. The user interface 222 may include any element or
component that conveys information to a user of the wireless
device 202 and/or recetves mput from the user.

The wireless device 202 may further comprise a selective
clear channel assessment (CCA) module 228. The selective
CCA module may include any element or component that
performs a clear channel assessment for the wireless device
202 based on one or more parameters. The parameters may
include a transmission power, transmission bandwidth, a
packet detection threshold, and/or energy detection thresh-
old.

The various components of the wireless device 202 may
be housed within a housing 208. Further, the various com-
ponents of the wireless device 202 may be coupled together
by a bus system 226. The bus system 226 may include a data
bus, for example, as well as a power bus, a control signal
bus, and a status signal bus 1n addition to the data bus. Those
of skill 1in the art will appreciate the components of the
wireless device 202 may be coupled together, or may accept
or provide 1mputs to each other using some other mechanism.

Although a number of separate components are illustrated
in FIG. 2, those of skill in the art will recognize that one or
more of the components may be combined or commonly
implemented. For example, the processor 204 may be used
to implement not only the functionality described above
with respect to the processor 204, but also to implement the
functionality described above with respect to the signal
detector 218 and/or the DSP 220. Further, each of the
components 1llustrated in FIG. 2 may be implemented using
a plurality of separate elements.

In certain wireless communications such as those speci-
fied i the IEEE 802.11ah protocol, a sub-gigahertz band
may be used. This band may have a longer range than other
higher bands, at the same transmission power. For example,
these bands may have approximately twice the range of 2.4
GHz or 5 GHz bands, as used 1in IEEE 802.11n. This longer
range may enable devices to communicate from a greater
distance. However, 1n a busy area, this longer range may also
mean that any individual device will hear transmissions
from a large number of other devices. This may cause 1ssues
with the device having to defer to those other transmissions,
and not being able to access the medium. For example, a
device may check the medium prior to transmitting, and may
be much more likely to find that the medium 1s busy if the
device has a significantly longer range. One possible solu-
tion to this problem 1s to raise the CCA thresholds used by
the device. This may make a device less sensitive to distant
devices, and thus, defer to other devices less often. However,
one 1ssue with raising CCA thresholds 1s that low bandwidth
devices and low power devices may not recetve complete
protection for their transmissions, as their transmissions may
not be of suflicient energy level to exceed the raised CCA
thresholds. For example, some sensors may use low power
transmitters 1n order to minimize power usage. These sen-
sors may be an important use case for IEEE 802.11 ah. These
sensors may use 1 or 2 MHz bandwidth and have no power
amplifier (PA). These devices may not receive complete
protection for their transmissions when raised CCA thresh-
olds are 1n use.

In order to provide for these low power and/or low
bandwidth transmissions while still obtaining the benefits of
increased CCA thresholds, the spectrum may be split into
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two or more types of channels, with different CCA thresh-

olds associated with each of the two or more types of
channels. For example, FIG. 3 1s an illustration of one
example method of splitting the IEEE 802.11ah spectrum
into two types ol channels, with different CCA thresholds
associated with the two types of channels. In FIG. 3, the 26
MHz of spectrum that 1s used for IEEE 802.11ah has been
divided into two types, the Type 1 Spectrum 305 and the
lype 2 Spectrum 310.

The channels 1 the Type 2 Spectrum 310 may have
higher CCA thresholds than the channels 1 the Type 1
Spectrum 305. For example, the channels in the Type 2
Spectrum 310 may have CCA thresholds that are 1 dB, 4 dB,
10 dB, 12 dB, 15 DB, or some other amount higher than
those 1 the Type 1 Spectrum 305. Use of a higher CCA

threshold may increase the frequency with which devices
wishing to use this portion of the spectrum are able to use
these frequencies, as 1t may reduce the proportion of the time
that such a device would determine that the spectrum 1s
already 1n use.

Similarly, other channels may be provided which have
lower CCA thresholds. These channels may benefit low
power and/or low bandwidth devices, which may receive
more complete protection for their transmissions in the
lower CCA threshold channels, as the lower CCA thresholds
on these channels may mean that more devices 1n a wider
arca will defer to the transmissions of these low-power
devices than would defer 1n a higher CCA threshold channel.
In some aspects, higher bandwidth devices may be config-
ured to prefer the high CCA threshold channels. For
example, higher bandwidth devices may select the higher
CCA channels for transmissions by default. Lower band-
width devices may utilize the lower CCA threshold channels
by default.

The division of the channels in FIG. 3 1s merely an
example of a way to divide a spectrum. This division may
also be done 1n other portions of the spectrum, and may be
done 1n other manners. For example, more than two chan-
nels may be used. The division shown in FIG. 3 may be
beneficial for certain portions of the spectrum, as it may
allow the single 16 MHz channel contained within this
portion of the spectrum to use the higher CCA thresholds.
This may be beneficial, as 1t may allow higher bandwidth
devices, such as cellular telephones, to use the 16 MHz
channel more often, as the higher CCA thresholds in the
Type 2 Spectrum 310 channels may allow these devices to
more Irequently access this channel with fewer times when
the channel 1s found to be in use. While the division of the
channels 1n FIG. 3 provides that no individual channel, such
as the single 16 MHz channel, contains both Type 1 and
Type 2 portions, other divisions may be used where single
channels may contain parts which are higher CCA and parts
which are lower CCA threshold channels. For example,
CCA thresholds may be set that the first 1 MHz of a 2 MHz
channel 1s a Type 2 channel, with higher CCA thresholds,
and the second 2 MHz of a 2 MHz channel 1s a Type 1
channel, with lower CCA thresholds.

In some aspects, the CCA threshold levels for higher CCA
threshold channels, such as Type 2 channels, may be dertved
from the CCA threshold levels of Type 1 channels. For
example, the CCA threshold levels of Type 2 channels may
be the CCA threshold levels of Type 1 channels, plus some
protection factor. In some aspects, the protection factor may
be expressed 1n decibels. This protection factor may be, for
example, 1 dB, 4 dB, 10 dB, 12 dB, 15 dB, or some other

dB level. In some aspects, the protection factor may be
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between 1 dB and 15 dB. This protection factor may be
applied to each of the CCA thresholds for a channel.

For example, a channel may have three different CCA
thresholds. A channel may have a higher CCA threshold for
energy detection, a lower CCA threshold level for guard
interval (GI) detection, and a lower-still CCA threshold level
of signal detection. In some aspects, each of these CCA
threshold levels of a Type 1 channel may be increased by a
protection factor 1 a Type 2 channel. In some aspects, the
protection factor for each level may be the same or may be
different for each of the CCA thresholds. In some aspects,
the protection factor used may differ for different bandwidth

channels. For example, 8 MHz channels may use different
CCA thresholds and different protection factors than 16
MHz channels.

In some aspects, FIG. 3 may represent a possible chan-
nelization for IEEE 801.11ah networks in some regions,
such as 1n the Umted States. This channelization may be
beneficial because there are no channels which straddles
different CCA level regions. Another benefit of this chan-
nelization may be that there 1s a 16 MHz Type 2 channel
provided, for high data-rate devices. It may also be benefi-
cial that the two Type 1 channel areas are separated in
frequency, which may help sensors avoid interference. In
some aspects, other channelizations may be used. For
example, other channelizations may be used in other
regions.

FIG. 4A 1s a flowchart illustrating how clear channel
assessment 1s performed i1n one implementation of an
802.11ah wireless network. Process 400 may be performed,
in some aspects, by the wireless device 202. For example,
one or more ol the processor 204 and receiver 212 may
perform functions of process 400.

Process 400 begins with an incoming signal received on
a primary channel. In some aspects, the primary channel
may be a channel that has a bandwidth of 20 Mhz. Block 410
determines whether a clear channel assessment sensitivity
threshold for the primary channel 1s met. If the threshold 1s
met, the channel state for the primary channel 1s set to busy
in block 425. If the threshold 1s not met, the CCA indication
1s set to 1dle 1n block 420.

FIG. 4B 1s a flowchart illustrating how clear channel
assessment 1s performed i1n one implementation of an
802.11ah wireless network. Process 402 may be performed,
in some aspects, by the wireless device 202. For example,
one or more ol the processor 204 and receiver 212 may
perform functions of process 402.

Process 402 begins with an incoming signal received on
a non-primary 20 Mhz channel. The non-primary channel
referenced 1n process 402 may be of course diflerent than the
primary channel referenced in process 400. Decision block
415 evaluates whether a clear channel assessment (CCA)

sensitivity threshold for the non-primary channel 1s met. If
the threshold 1s met, the CCA indication for the secondary
channel 1s set to busy in block 430. If the threshold for the
non-primary channel 1s not met, the CCA 1ndication 1s set to
idle 1n block 435. In some implementations, process 400 and
process 402 may be used together. For example, some
implementations may first determine whether an mmcoming
signal 1s using the primary 20 Mhz channel or a non-primary
20 MHz channel. These implementations may then utilize
process 400 for the primary 20 Mhz channel receptions and
process 402 for the non-primary 20 Mhz receptions.

FIG. 5 15 a flowchart illustrating one example implemen-
tation of clear channel assessment of a primary channel. In
one aspect, the primary channel 1llustrated may be a 20 Mhz
channel. In some aspects, the wireless device 202 may
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perform process 500. For example, process 500 may be
performed 1n some aspects by one or more of the processor
204 and/or recerver 212. In some aspects, process 300 below
may be performed by block 410 of process 400.

Process 500 starts at start block 502 and then moves to
decision block 505. Decision block 5035 determines whether
the signal strength of the incoming signal 1s greater than a
threshold. In some aspects, the threshold may be -62 dBm.
Other aspects of process 500 may use a different signal
strength threshold. I the signal i1s at least as large as the
threshold, a clear channel assessment (CCA) indication 1s
set to busy for the primary channel 1n block 510. If the signal
strength 1s less than the threshold, decision block 515
determines whether the conditions of table 5330 are met. If
they are met, the CCA indication for the primary channel 1s
set to busy. If the conditions outlined 1n the table 530 are not
met, the CCA indication 1s set to 1dle 1n block 525. Note that
the table disclosed 1n FIG. 5§ provides threshold values in
decibels for one implementation of 802.11ac. Implementa-
tions of 802.11ah, or other implementations all together,
may utilize different threshold values than those disclosed
without departing from the spirit of the disclosed systems,
apparatus, and methods herein.

FIG. 6A 1s a flowchart illustrating one implementation of
a clear channel assessment of a secondary channel. Process
600 utilizes different sensitivity thresholds corresponding to
different primary or secondary channels to determine
whether a channel 1s 1dle or busy. While FIGS. 6A-6B
illustrate the use of specific threshold, these are merely
exemplary, and various implementations may vary from the
specific threshold shown 1 FIGS. 6 A-B.

For example, a 20 Mhz secondary channel may utilize a
sensitivity threshold of —-62 dBM, or some other threshold.

A 40 Mhz secondary channel may utilize a sensitivity
threshold of -59 dBm, while an 80 Mhz secondary channel

may utilize a sensitivity threshold of -56 dBm. When
determining whether one or more of the secondary channels
1s busy, the energy within a frequency range 1s compared to
the corresponding energy threshold corresponding to that
frequency range. In some aspects, process 600 may be
performed by the wireless device 202. For example, one or
more of the receiver 212 and/or the processor 204 may
perform process 600.

Block 605 receives an incoming signal. Block 605 turther
determines whether the CCA threshold for the primary
channel 1s met by the incoming signal. I1 the signal 1s above
the CCA threshold, block 610 sets the state of the primary
channel to busy. Otherwise, each of blocks 615, 620, and
625 determines the frequency of the incoming signal. In
decision block 615, if the signal 1s 1n a secondary 20 MHz
range, the signal 1s compared to a first threshold, for
example, —62 dBm as shown by block 615.

I1 the signal 1s within the secondary 20 Mhz channel and
greater than the first threshold, block 630 sets a 20 Mhz
secondary channel indication to busy. Otherwise, process
600 moves to ofl page reference “A” shown in FIG. 6B. In
FI1G. 6B, reference “A” enters decision block 635. Block 635
in FIG. 6B determines whether the signal 1s a High Through-
put (HT) High Throughput mixed format (HT MF) or a High
Throughput greenficld format (HT GF) or a Very High
Throughput (VHT) signal. If 1t 1s, and the signal 1s greater
than or equal to a second threshold, such as -72 dBm, then
the 20 Mhz secondary channel indication 1s set to busy n
block 670. Otherwise, the 20 Mhz secondary channel indi-
cation 1s set to 1dle 1n block 672. In some aspects, block 672
may not be performed, for example, 11 the CCA indications
are mitialized to idle betfore process 600 begins.
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Returning to FIG. 6A, block 620 determines whether the
incoming signal 1s within a secondary 40 Mhz channel, and
the signal 1s greater than a third threshold, 1n the illustrated
example, —59 dBm. If 1t 1s, then a 40 Mhz secondary channel
indication 1s set to busy in block 640. Otherwise, process
600 moves via ofl-page reference “B” to block 650 and 655

of FIG. 6B. Block 650 determines whether the mmcoming
signal 1s within the 40 Mhz secondary channel, and 1s a
Non-High Throughput or a High Throughput mixed format

(HT MF) or a High Throughput greenfield format (HT GF)

or a Very High Throughput signal that 1s greater than or
equal to a fourth threshold, such as -72 dBm. If 1t 1s, a
secondary 40 Mhz channel indication 1s set to busy 1n block
675. Decision block 635 determines whether the incoming
signal 1s within the 20 Mhz secondary channel, and 1s a Non
High Throughput or a High Throughput mixed format or a
high throughput greenfield format, or a Very High Through-
put signal that 1s greater than a fifth threshold, such as 1n the
illustrated embodiment, —72 dBm. It 1t 15, then the secondary
40 Mhz channel indication 1s set to busy in block 675. If
neither of the conditions determined 1n blocks 6350 or 635 are
met, then the secondary 40 Mhz channel 1indication is set to
idle 1n some aspects 1 block 678. For reasons discussed
previously, 1n some aspects, block 678 1s not performed.

Returning to FIG. 6A, if block 625 determines that the
incoming signal 1s within a secondary 80 Mhz channel, and
the signal 1s greater than or equal to a sixth threshold, 1n the
illustrated example, —56 dBm, then a 80 Mhz secondary
channel indication 1s set to busy in block 645. Otherwise,
two conditions are checked 1n blocks 660 and 665 of FIG.
6B via ofl page reference “C.”

Block 660 determines whether the incoming signal
includes an 80 Mhz Non High Throughput or a Very High
Throughput signal above a seventh threshold, 1n the 1llus-
trated aspect, —69 Mhz. If it does, a secondary 80 Mhz
channel indication 1s set to busy 1n block 680. Block 6635
determines whether either a 20 or 40 Mhz signal 1s present
in the ncoming signal in a high throughput, high throughput
mixed format, or high throughput greenfield format, or a
very high throughput format, and if the signal 1s above a
eighth threshold, 1n the illustrated example, —72 dBm. If 1t
1s, then the 80 Mhz secondary channel indication 1s set to
busy 1n block 680. If neither of the conditions evaluated in
blocks 660 or 665 arec true, then 1n some aspects ol process
600, the secondary 80 Mhz channel 1indication 1s set to 1dle
in block 682. For reasons discussed previously, in some
aspects, block 682 1s not performed.

Process 600 may be utilized by some implementations to
determine whether one or more of a primary 20 Mhz
channel, 20 Mhz secondary channel, 40 Mhz secondary
channel, and/or 80 Mhz secondary channel 1s idle or busy.
These implementations may condition transmission of one
or more messages over these channels on the indications.
For example, in some aspects, if a primary channel 1s idle,
an 1mplementation may determine whether one or more
secondary channels are idle. Transmission of a message may
then be based on these determinations. For example, a
message may be transmitted on the highest secondary chan-
nel bandwidth that 1s available. Some details of these
implementations are further discussed below.

Note that the FIG. 6 discloses example threshold values
for one 1mplementation of 802.11ac. Implementations of
802.11ah, or other non-802.11 implementations, may utilize
different threshold wvalues than those disclosed without
departing from the spirit of the disclosed systems, apparatus,
and methods herein.
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FIG. 7A 1illustrates clear channel assessment deferral
between two wireless devices with equal transmission
power. One purpose of clear channel assessment (CCA) 1s to
prevent a device from 1nitiating a transmission while another
device 1s transmitting. This protects other devices from
potential collisions between a transmission already 1n prog-
ress and the imtiated transmission. This also protects the
transmitting device itself, as any transmission on the wire-
less medium may be destined for the device itsell.

Many wireless standards define CCA thresholds that
devices conforming to the standard should apply. These
standards operate under the assumption that transmission
power 1s the same for all devices utilizing a particular
channel. For example, the standards assume a 20 MHz only
network 1s utilized only by devices using the same transmit
power, and therefore assume contention between the devices
1s resolved fairly. Such a fair contention scheme 1s 1llustrated

in FIG. 7TA. As shown 1n FIG. 7A, both device 1 and device

2 are transmitting with an example power level of 20 dBM.
Each device 1s utilizing an example clear channel assess-
ment threshold of —82 dBm. Therefore, each device may or
may not defer depending on whether the transmitted power
of a second device 1s above the CCA level at the first device.

FIG. 7B 1illustrates clear channel assessment deferral
between two wireless devices utilizing two diflerent trans-
mission powers. Device 1 1s transmitting with an example
transmission power of 0 dBm, while device 2 1s transmitting
with an example transmission power of 20 dBm. Because
the strength of device 1°s signal when received at device 2
1s below the CCA threshold utilized by device 2, device 2
does not defer when device 1 1s transmitting. Device 2’s
transmissions, because they are transmitted at a higher
transmission power, are above the example CCA threshold
of —82 dBm utilized by device 1. Therefore, device 1 does
defer to device 2. Because device 1 defers more readily to
device 2 than device 2 defers to device 1, the clear channel
assessment procedure illustrated 1n FIG. 7B may be consid-
ered unfair to device 1.

FIG. 7C 1illustrates clear channel assessment deferral
between two wireless devices utilizing different transmis-
sion bandwidths. As shown, device 1 1s transmitting with an
example transmit power of 20 dBm across an 80 Mhz
bandwidth. Device 2 1s transmitting with an example trans-
mit power of 20 dBm, but across a smaller 20 Mhz band-
width. Because the example 20 dBm transmit power of
device 2 1s “concentrated” within the 20 Mhz of bandwidth,
whereas device 1’s 20 dBm transmit power 1s “dispersed”
across an 80 Mhz bandwidth, transmissions by device 1 may
be below device 2’s CCA threshold of —82 dBm. However,
because device 2’s 20 dBm transmit power 1s “concentrated”
as described above, transmissions by device 2 may be
received by device 1 at a level above 1ts CCA threshold of
—82 dBm. Therefore, 1n some aspects, device 1 may defer
more readily to device 2 transmissions than device 2 defers
to device 1 transmissions. Therefore, the CCA deferral
procedure 1llustrated i FIG. 7C may be considered unfarir.

FIG. 8A 1s a flowchart of a process for transmit power
based clear channel assessment on a wireless network. In
some aspects, process 800 may be performed by the device
202 1llustrated 1 FIG. 2. FIG. 8 describes a process that may
result in a more fair deferral procedure between devices of
unequal transmit power. For example, FIG. 8 and process
800 describe use of a back-ofl procedure that 1s based on a
transmit power level. In some aspects, devices with stronger
transmit power may defer for longer periods of time than
devices with lower transmit power levels.
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In block 810, a first back-ofl procedure i1s performed
based on a transmission power of a first wireless message.
In some aspects, a wireless communication standard utiliz-
ing the disclosed methods and systems may define one or
more reference transmission powers and corresponding ref-
erence energy detection thresholds for a planned transmis-
sion bandwidth(s). The wireless communication standard
may further define packet detection bandwidths and/or
packet detection energy thresholds that correspond to the
one or more reference transmission powers for a planned
transmission bandwidth. The wireless standard may further
define how vaniations from the reference transmission power
correspond to changes in the corresponding energy detection
threshold, and/or packet detection energy threshold. For
example, iI a reference transmission power P for a given
transmission bandwidth corresponds to an energy detection
threshold of X, then a wireless transmission standard may
turther define that use of a transmission power that 1s X dBm
lower than the reference transmission power P allows use of
a corresponding energy detection threshold that isup to Y
dBm higher than the reference energy detection threshold
for the reference transmission power P. In some aspects of
block 810, the first back-oil procedure may also be based on
a transmission bandwidth of the first wireless message.

In some aspects, devices utilizing a lower transmission
power than the reference power may utilize higher energy
detection thresholds and/or packet detection energy thresh-
olds (than a reference energy threshold for example) when
determining the availability of a transmission channel. Use
of a higher energy detection threshold and/or packet detec-
tion thresholds by relatively low transmit power devices
may Tfacilitate fairness in deferral or clear channel assess-
ment decisions when these devices operate on a wireless
medium 1including devices operating at a higher transmission
power.

As discussed previously with respect to FIGS. 7TA-C,
some methods of clear channel assessment may result 1n
unfairr medium allocation between two devices operating,
with different transmission powers, 1n that a device operat-
ing with a lower transmission power may defer to a device
operating with a higher transmission power. By adjusting a
sensitivity/detection threshold based on a transmission
power, the disclosed methods allow relatively low power
devices to defer at a level proportionate to the level of
interference their transmissions inject onto the wireless
network, resulting 1n a more fair allocation of the wireless
medium between devices.

In block 815, the wireless message 1s transmitted in
response to a completion of the first back-oil procedure. The
wireless message 1s transmitted based on at least the transmit
power level. In some aspects, the wireless message 1s
transmitted at the transmit power level.

Some aspects of process 800 may be performed in
response to an event. For example, in some aspects, a
determination 1s made that a wireless message 1s ready for
transmission on a wireless network. In some aspects, the
wireless message may be buflered by an application pro-
gram at a network or transport layer within a device per-
forming process 800. In these aspects, process 800 may be
performed 1n response to the determination that a message
(such as the first wireless message recited i block 810) 1s
ready for transmission.

In some other aspects of process 800, a diflerent event

may be determined to occur. For example, some aspects of
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example, process 800 may be performed after transmission
ol a first message but before a second message 1s bullered or
ready to be transmitted. In these aspects, 1I a message 1s
buflered after the start of the first back-ofl procedure, and/or
or during the first back-ofl procedure, the message may still
be transmitted when then the back-oil procedure completes.
Some 1mplementations may parallelize the back-ofl proce-
dure with other processing necessary to prepare a wireless
message for transmission.

FIG. 8B 1s a functional block diagram that may be
employed within the wireless communication device 202 of
FIG. 2. Those skilled 1n the art will appreciate that a wireless
communication apparatus may have more components than
the stmplified wireless communication apparatus 850 shown
in FIG. 8B. The wireless communication apparatus 850
shown includes only those components useful for describing
some prominent features of implementations within the
scope of the claims. The wireless communication apparatus
850 may include a transmit power based clear channel
assessment circuit 860, and a transmit circuit 865.

In some 1mplementations, the transmit power based clear
channel assessment circuit 860 may be configured to per-
form one or more of the functions discussed above with
respect to block 810. The transmit power based clear chan-
nel assessment circuit 860 may include one or more of a
programmable chip, a processor, a memory, and a network
interface. For example, the transmit power based clear
channel assessment circuit 860 may include the processor
204 or the selective CCA circuit 228. In some implementa-
tions, a means for performing a back-ofl procedure based on
a transmit power may include the transmit power based clear
channel assessment circuit 860.

In some implementations, the transmit circuit 865 may be
configured to perform one or more of the functions dis-
cussed above with respect to block 815. The transmuit circuit
865 may include one or more of a programmable chip, a
processor, a memory, and a network interface. For example,
the transmit circuit 865 may include the transmitter 210 or
the processor 204. In some implementations, a means for
transmitting based on a transmit power may include the
transmit circuit 865.

FIG. 9A 1s a flowchart of one implementation of a method
of clear channel assessment. In one aspect, process 900 may
be performed by the wireless device 202 of FIG. 2. In some
aspects, process 900 may be performed by block 810 of FIG.
8A. In other aspects, process 900 may be performed as part
of a clear channel assessment process that 1s not necessarily
based on a transmit power.

In block 905, a clear channel assessment back-off counter
1s 1nitialized. In block 910, a determination 1s made as to
whether a wireless medium 1s available based at least on a
first energy threshold. For example, block 910 may deter-
mine whether energy on the medium within a particular
bandwidth 1s above the energy threshold. If the energy 1s
above the energy threshold, the medium may be determined
to be busy, or not available. If the energy on the medium 1s
below the energy threshold, the medium may be considered
to be available.

In some aspects, determining whether a medium 1s avail-
able may further include detection of one or more Wi-Fi
packets on the medium. In these aspects, if one or more
Wi-F1 packets are detected on the medium, the medium may
be determined to be unavailable. In some aspects, a medium
may represent a particular bandwidth of a wireless medium.
For example, block 910 may determine only whether a
particular frequency bandwidth of a wireless medium 1s
available. In these aspects, block 910 may determine
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whether one or more of a 1 Mhz, 2 Mhz, 4 Mhz, 8 Mhz, 16
Mz, 20 Mhz, 40 Mhz, 80 Mhz frequency band 1s available
for transmission.

In some aspects, block 910 may determine whether a
medium 1s available based on a first transmission bandwidth.
The first transmission bandwidth may be associated with one
or more availability detection parameters utilized by block
910. For example, availability detection parameters may
include an energy detection threshold, and/or a packet
detection bandwidth, and/or packet detection energy thresh-
old, as discussed above. In some aspects, block 910 may
employ one or more of the determinations disclosed 1n
process 600 of FIG. 6 1n determining whether a medium 1s
available.

Decision block 915 determines whether the medium 1s
available based on at least the determination made 1n block
910. If the medium 1s available, block 920 adjusts the
back-ofl counter. Adjusting the back-ofl counter may
include “decrementing” the back-ofl counter, or adjusting
the back-ofl counter towards a back-ofl process terminating,
value. If the medium 1s not available, process 900 returns to
block 910 where the availability of the medium 1s deter-
mined again.

In block 925, process 900 waits for a period of time. In
some aspects, block 925 1s not performed. Block 930
determines whether the back-ofl counter has reached a
threshold value. If 1t has not reached the threshold value,
process 900 returns to block 910. It the back-off counter has
reached a threshold value, block 935 determines whether the
medium 1s available based at least on a second energy
threshold.

In some aspects, block 935 may measure an amount of
energy present on the medium within a particular bandwidth.
A wireless commumnication standard may establish a corre-
spondence between the second energy threshold and the
particular bandwidth. To determine whether the medium 1s
available, block 935 may compare the energy within the
particular bandwidth with the second energy threshold. If the
energy present 1s above the second energy threshold, the
medium may be determined to be unavailable, whereas i1 the
energy present 1s below the second energy threshold, the
medium may be determined to be available. As discussed
above, a determination of whether a medium 1s available
may further comprise determining whether one or more
Wi-Fi1 packets are detected on the medium. In some aspects,
the detection operates within a particular frequency range as
discussed above. If one or more Wi-F1 packets are detected
within the detection frequency range, the medium may be
determined to be unavailable. In some aspects, block 9335
may determine whether a medium 1s available based on a
second transmission bandwidth. The second transmission
bandwidth may be associated with one or more second
availability detection parameters utilized by block 935. For
example, second availability detection parameters may
include a second energy detection threshold, and/or a second
packet detection bandwidth, and/or second packet detection
energy threshold, as discussed above. Block 935 may utilize
one or more of the determinations/conditions disclosed with
respect to process 600 of FIG. 6 1n making the determina-
tion.

If the medium 1s determined to be available, the message
1s transmitted at a bandwidth corresponding to the second
energy threshold 1n block 945.

Otherwise, process 900 returns to block 905 where the
back-ofl counter 1s reinitialized. This contrasts with other
methods that may transmit on a transmission bandwidth
corresponding to the first energy threshold if the medium 1s
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determined to be unavailable based on at least the second
energy threshold. For example, 1n some other methods, a
back-ofl procedure may be performed based on energy
thresholds corresponding to a primary channel. When the
back-ofl procedure 1s complete, devices may check to see 1
one or more secondary channels are available for transmis-
sion. Checking the availability of these secondary channels
may be based on one or more energy thresholds different
from the energy threshold used to perform the back-off
procedure. If the secondary channels are not available,
devices utilizing these other methods may transmit on the
primary channel. However, in the disclosed method of
process 900, an additional back-ofl procedure 1s performed.
This may result 1n a reduced number of collisions and
associated retransmission relative to the other methods.

FIG. 9B 1s a functional block diagram that may be
employed within the wireless communication device 202 of
FIG. 2. Those skilled 1n the art will appreciate that a wireless
communication apparatus may have more components than
the simplified wireless communication apparatus 950 shown
in FIG. 9B. The wireless communication apparatus 950
shown includes only those components usetul for describing
some prominent features of implementations within the
scope of the claims. The wireless communication apparatus
950 may include a transmit power based clear channel
assessment circuit 955, a channel availability circuit 960,
and a variable power transmission circuit 970.

In some 1implementations, the transmit power based clear
channel assessment circuit 955 may be configured to per-
form one or more of the functions discussed above with
respect to blocks 910-915. The transmit power based clear
channel assessment circuit 955 may include one or more of
a programmable chip, a processor, a memory, and a network
interface. For example, the transmit power based clear
channel assessment circuit 955 may include the processor
204 or the selective CCA circuit 228. In some implementa-
tions, a means for determining a whether a channel 1s
available may include the channel availability circuit 960.

In some 1implementations, the channel availability circuit
960 may be configured to perform one or more of the
functions discussed above with respect to blocks 905-940.
The channel availability circuit 960 may include one or
more of a programmable chip, a processor, a memory, and
a network interface. For example, the channel availability
circuit 960 may include the processor 204 or the selective
CCA circuit 228. In some implementations, a means for
determining a whether a channel 1s available may include
the channel availability circuit 960.

In some implementations, the variable power transmis-
s1on circuit 970 may be configured to perform one or more
of the functions discussed above with respect to block 945.
The variable power transmission circuit 970 may include
one or more of a programmable chip, a processor, a memory,
and a network interface. For example, the varniable power
transmission circuit 970 may include the transmitter 210. In
some 1mplementations, a means for transmitting a message
at a particular bandwidth and/or power level may include the
variable power transmitting circuit 970.

FIG. 10A 1s a flowchart of one implementation of clear
channel assessment. In one aspect, process 1000 1s per-
formed by the device 202 illustrated in FIG. 2. In some
aspects, process 1000 may be performed by block 810 of
FIG. 8A. In other aspects, process 1000 may be performed
as part of a different clear channel assessment process. For
example, process 1000 may be performed as part of a clear
channel assessment process that 1s not based on a transmis-
$1011 POWET.
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Flowchart 1000 illustrates that four back-ofl procedures
are performed at least partially in parallel over time. Each of
back-ofl procedures 1005a-d are performed at least partially
simultaneously. In some aspects, each back-ofl procedure
may be performed 1n a separate execution thread or run on
a different processor, resulting in true parallel execution. In
some other aspects, two or more of the back-ofl procedures
may be performed within a single thread of execution. This
single thread of execution may track the at least two back-oft
procedures through the use of multiple back-ofl counters and
by application of at least two sets of back-oil parameters, for
example, multiple energy thresholds corresponding to the at
least two back-ofl procedures.

In the illustrated example of process 1000, back-oil
procedure 10054 consumes the most elapsed time to com-
plete, followed by back oil procedure 1005¢, 10055, and
10054 respectively. In some aspects, each of back-off pro-
cedures 1005a-d are based on difierent transmission band-
widths. For example, each of back-ofl procedures 1005a-d
may utilize a different energy threshold to determine
whether the medium 1s available. Each of back-ofl proce-
dures 1005a-d may also utilize a diflerent frequency range
on the wireless medium to detect energy. Each of back-off
procedures 1005aq-d may further utilize different frequency
ranges to perform packet detection. In some aspects, each of
back-ofl procedures 1005a-d i1s utilized to perform clear
channel assessment on a different transmission bandwidth.
For example back-ofl procedures 1005a-d may correspond
to transmission bandwidths of 20 Mhz, 40 Mhz, 60 Mhz, and
80 Mhz respectively. In some other aspects, back-ofl pro-
cedures 1005a-d may correspond to transmission band-
widths of 1 Mhz, 2 Mhz, 4 Mhz, and 16 Mhz respectively.

After back-ofl procedure 1005a completes, decision block
1010a determines whether the first transmission bandwidth
1s available for a period of time. For example, decision block
1010a may make multiple measurements of energy within
the first transmission bandwidth. If the measurements of
energy within the first transmission bandwidth are above a
first energy threshold corresponding to the first transmission
bandwidth, the first transmission bandwidth may be deter-
mined to be unavailable. In some aspects, decision block
1010a may also perform packet detection within the first
transmission bandwidth to determine whether the first trans-
mission bandwidth 1s available. As discussed above, 1f
packets are detected within the first transmission bandwidth,
block 1010a may determine the first transmission bandwidth
1s unavailable.

In the illustrated aspect, the period of time during which
a determination of whether the first transmission bandwidth
1s available 1s a Point Coordination Function Interframe
Space (PIFS) time. In other aspects, the period of time may
be longer than a PIFS time. If the first transmission band-
width 1s available, a transmission 1s performed at the first
transmission bandwidth i block 1015q. If the first trans-
mission bandwidth 1s not available at decision block 10104,
process 1000 waits for the back-ofl procedure 100556 to
complete. After the back-ofl procedure 100556 completes,
decision block 10105 determines whether the second trans-
mission bandwidth 1s available for a PIFS time.

Decision block 10105 may make the determination in a
similar manner as that described above with respect to block
1010a. However, since block 10105 1s detecting whether the
second transmission bandwidth 1s available, 1t may utilize an
energy detection threshold associated with the second trans-
mission bandwidth. This association may be provided, in
some aspects, by a wireless communication standard utiliz-
ing the disclosed methods and systems. In other aspects, the
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association may be provided by another wireless device,
such as an access point. Block 101056 may also perform
packet detection within the second transmission bandwidth
when determining whether the second transmission band-
width 1s available. If one or more packets are detected within
the second transmission bandwidth, block 10105 may deter-

mine the second transmission bandwidth 1s not available.

If the second transmission bandwidth 1s available, a
transmission 1s performed across the second transmission
bandwidth 1n block 101554. I1 the second transmission band-
width 1s not available, process 1000 waits for back ofl
procedure 1005¢ to complete. Upon completion of back-oil
procedure 1005¢, decision block 1010¢ determines whether
a third transmission bandwidth 1s available for a time period.
Again the 1llustrated aspect utilizes a time period of PIFS but
other time periods are contemplated.

Decision block 1010¢ may make the determination 1n a

similar manner as that described above with respect to
blocks 1010a and 101056, except, as described above, block
1010c may utilize a third energy threshold corresponding to
the third transmission bandwidth, and may perform packet
detection within the third transmission bandwidth when
determining whether the third transmission bandwidth 1s
available.

If the third transmission bandwidth 1s determined to be
available, a transmission at the third transmission bandwidth
1s performed in block 10135¢. If the third transmission
bandwidth 1s not available, process 1000 waits for back ofl
procedure 10054 to complete.

When the back-ofl of 10054 1s complete, decision block
10104 determines whether the fourth transmission band-
width 1s available for a time period. As discussed above with
respect to blocks 1010a-¢, decision block 10104 may utilize
a fourth energy threshold and perform packet detection
within the fourth transmission bandwidth when determining
whether the fourth transmission bandwidth i1s available. IT
the fourth transmission bandwidth 1s available, a transmis-
s1on 1s performed at the fourth bandwidth.

While not shown by the flowchart of FIG. 10, 1f the fourth
transmission bandwidth 1s not available 1n decision block
10104, some implementations of process 1000 may return to
performing each of back-ofl procedures 1005a-d. Some
other implementations of process 1000 may perform a
back-ofl procedure for a single bandwidth, for example, the
bandwidth most likely to result in an availability determai-
nation.

By utilizing multiple back-ofl procedures executed at
least partially 1n parallel, process 1000 may 1dentify a most
appropriate transmission channel without introducing
unnecessary delay that would result 1n performing multiple
back-ofl procedures serially. Additionally, the use of a
back-ofl procedure specifically tailored for each potential
transmission channel, via the use of energy detection thresh-
olds corresponding to each potential transmission channel,
may reduce the probability of collisions occurring when a
channel 1s selected for transmission.

Each of the disclosed transmission bandwidths above with
respect to FIG. 10A may each be different transmission
bandwidths. In some aspects, each of the first, second, and
third transmission bandwidths may be associated with sec-
ondary channels on a wireless network. In some aspects, the
fourth transmaission bandwidth 1s associated with a primary
channel on the wireless network.

In some aspects, the fourth transmission bandwidth 1s a
lower bandwidth than the third, second or first transmission
bandwidths. In some aspects, the second transmission band-
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width 1s wider than the third transmission bandwidth, and
the third transmission bandwidth 1s wider than the fourth
transmission bandwidth.

In some aspects, the physical bandwidth of the first
transmission bandwidth overlaps the physical bandwidth of
the fourth transmission bandwidth. For example, the first
transmission bandwidth may be 16 Mhz 1n some 1implemen-
tations while the fourth transmission bandwidth 1s 2 Mhz in
those implementations. In some aspects, the 16 Mhz of
bandwidth of the first transmission bandwidth includes the
physical frequency range of the 2 Mhz fourth transmission
bandwidth. In some aspects, the second and third transmis-
sion bandwidths may overlap with the fourth transmission
bandwidth 1n a similar manner.

FIG. 10B 1s a functional block diagram of a wireless
apparatus that may be employed within the wireless com-
munication device 202 of FIG. 2. Those skilled 1n the art waill
appreciate that a wireless communication apparatus may
have more components than the simplified wireless com-
munication apparatus 1050 shown 1in FIG. 10B. The wireless
communication apparatus 1050 shown includes only those
components useful for describing some prominent features
of implementations within the scope of the claims. The
wireless communication apparatus 1050 may include a
parallel clear channel assessment circuit 1055, a channel
availability circuit 1060, and a variable bandwidth transmis-
sion circuit 1070.

In some implementations, the parallel clear channel
assessment circuit 1055 may be configured to perform one
or more of the tunctions discussed above with respect to
blocks 1005a-d. The parallel clear channel assessment cir-
cuit 1055 may include one or more of a programmable chip,
a processor, a memory, and a network interface. For
example, the parallel clear channel assessment circuit 1055
may include the processor 204 or the selective CCA circuit
228. In some implementations, a means for performing a
back-ofl procedure may include the parallel clear channel
assessment circuit 1055,

In some implementations, the channel availability circuit
1060 may be configured to perform one or more of the
functions discussed above with respect to blocks 1010a-d.
The channel availability circuit 1060 may include one or
more of a programmable chip, a processor, a memory, and
a network interface. For example, the channel availability
circuit 1060 may include the processor 204 or the selective
CCA circuit 228. In some implementations, a means for
determining whether a transmission bandwidth 1s available
may include the channel availability circuit 1060.

In some 1mplementations, the variable bandwidth trans-
mission circuit 1070 may be configured to perform one or
more of the Tunctions discussed above with respect to blocks
1015a-d. The variable bandwidth transmission circuit 1070
may include one or more of a programmable chip, a pro-
cessor, a memory, and a network interface. For example, the
variable bandwidth transmission circuit 1070 may include
the transmitter 210. In some implementations, a means for
transmitting over a particular bandwidth may include the
variable bandwidth transmission circuit 1070.

FIG. 11A 1illustrates one example implementation of a
method of clear channel assessment on a wireless medium.
In one aspect, process 1100 may be performed by the
wireless device 202 illustrated in FIG. 2. In some aspects,
process 1100 may be performed by block 810 of FIG. 8A. In
other aspects, process 1100 may be performed as part of a
different clear channel assessment process. For example,
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process 1100 may be performed as part of a clear channel
assessment process that 1s not based on a transmission
power.

In block 1105, a back-ofl procedure 1s performed based on
at least a first energy threshold corresponding to a first
transmission bandwidth. For example, a wireless commu-
nication standard may associate the first transmission band-
width with the first energy detection threshold. The standard
may specily that a detection of energy above the first energy
detection threshold indicates that the first transmission band-
width 1s not available. In one aspect, the energy detected
may be energy included only within the first transmission
bandwidth. In some aspects, the back-oifl may be further
based on packet detection within the first transmission
bandwidth. For example, a back-oil may not be allowed to
advance towards a completion status while packets are
detected within the first transmission bandwidth. In some
aspects, the back-ofl 1s based on at least the first transmis-
sion bandwidth. As explained above, a set of back-off
parameters may be associated with a transmission band-
width. The back-ofl parameters may include an energy
detection threshold, packet detection energy threshold, and/
or a packet detection bandwidth (typically equivalent to the
transmission bandwidth).

In block 1110, a second back-ofl procedure 1s performed
based on at least the first and a second transmission band-
width. In some aspects, the second back-ofl procedure 1s
performed based on at least the first and a second energy
threshold. In some aspects, the second back-oil procedure
may be performed based on at least the second transmission
bandwidth only. For example, the second back-off procedure
may measure energy within only the second transmission
bandwidth and compare 1t with an energy threshold corre-
sponding to the second transmission bandwidth. The back-
ofl may not proceed toward a completion status 11 the energy
within the second transmission bandwidth 1s above the
second energy threshold. The second back-ofl may also not
proceed toward a completion status while packets are
detected within the second transmission bandwidth. In some
aspects, the second energy threshold may be lower than the
first energy threshold, therefore rendering the first energy
threshold redundant 1n some aspects.

In some other aspects, the second back-oil procedure of
block 1110 may determine an amount of energy within the
first transmission bandwidth relative to the first energy
threshold, and determine an amount of energy within the
second transmission bandwidth relative to the second energy
threshold. The back-oil of block 1110 may then be based on
whether the amount of energy detected within each band
exceeds 1ts respective energy threshold. In some aspects, the
second back-ofl may be further based on whether packets are
detected within the first transmission bandwidth and whether
packets are detected within the second transmission band-
width.

In some aspects, the second back-ofl procedure may track
multiple back-oil counters that utilize multiple correspond-
ing energy thresholds. The second back-ofl procedure may
complete based on at least the multiple back-ofl counters.
For example, the first back-oil counter to reach a completion
threshold may trigger the completion of the second back-oil
procedure.

After the second back-ofl procedure completes, decision
block 1115 determines whether the second transmission
bandwidth 1s available. In some aspects, decision block 11135
may determine the availably of the second transmission
bandwidth over a PIFS time period to determine whether 1t
1s available. In some aspects, the determination of block
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1115 may be based on at least the second energy threshold
and/or packet detection within the second transmission
bandwidth, as discussed previously with regard to other
bandwidth availability determinations. If 1t 1s available, a
transmission at the second transmission bandwidth 1s per-
formed 1n block 1120. If the second transmission bandwidth
1s not available 1n decision block 1115, decision block 1125
determines whether the first transmission bandwidth 1s avail-
able. In some aspects, decision block 1125 may determine
the availability of the first transmission bandwidth over a
PIFS time period. In some aspects, the determination of
block 1125 may be based on at least the first energy
threshold and packet detection within the first transmission
bandwidth, as discussed previously with regard to other
bandwidth availability determinations. If the first transmis-
sion bandwidth 1s available, a transmission at the first
transmission bandwidth 1s performed 1n block 1130. In some
aspects, the first transmission bandwidth 1s lower than the
second transmission bandwidth. Otherwise, process 1100
continues processing. In some aspects, process 1100 may
return to one of blocks 1105 or 1110.

By performing at least a portion of a back-ofl procedure
based on energy thresholds corresponding to one or more
secondary transmission bandwidths, process 1100 may
increase the probability that a secondary channel 1s available
for transmission when the combined back-off procedures of
blocks 1105 and 1110 are complete.

Each of the disclosed transmission bandwidths above with
respect to the discussion of FIG. 11A may each be different
transmission bandwidths. In some aspects, the second trans-
mission bandwidth 1s associated with a secondary channel
on the wireless network while the first transmission band-
width 1s associated with a primary channel on the wireless
network. In some aspects, the first transmission bandwidth 1s
a lower bandwidth than the second transmission bandwidth.
In some aspects, the physical bandwidth of the second
transmission bandwidth overlaps the physical bandwidth of
the first transmission bandwidth. For example, the second
transmission bandwidth may be 16 Mhz 1n some 1implemen-
tations while the first transmission bandwidth 1s 2 Mhz in
those implementations. In some aspects, the 16 Mhz of
bandwidth of the second transmission bandwidth includes
the physical frequency range of the 2 Mhz first transmission
bandwidth.

FIG. 11B 1s a functional block diagram of a wireless
apparatus that may be employed within the wireless com-
munication device 202 of FIG. 2. Those skilled 1n the art will
appreciate that a wireless communication apparatus may
have more components than the simplified wireless com-
munication apparatus 1150 shown 1n FIG. 11B. The wireless
communication apparatus 1150 shown includes only those
components useful for describing some prominent features
of 1mplementations within the scope of the claims. The
wireless communication apparatus 1150 may include a
transmission power and bandwidth based clear channel
assessment circuit 11535, a channel availability circuit 1160,
a transmission power and bandwidth determining circuit
1165, and a variable bandwidth transmission circuit 1170.

In some implementations, the transmission power and
bandwidth clear channel assessment circuit 1155 may be
configured to perform one or more of the functions dis-
cussed above with respect to blocks 1105 and 1110. The
transmission power and bandwidth clear channel assessment
circuit 1155 may include one or more of a programmable
chip, a processor, a memory, and a network interface. For
example, the transmission power and bandwidth clear chan-
nel assessment circuit 1155 may include the processor 204
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or the selective CCA circuit 228. In some implementations,
a means for performing a back-oil procedure may include
the transmission power and bandwidth clear channel assess-
ment circuit 11355,

In some 1mplementations, the channel availability circuit
1160 may be configured to perform one or more of the
functions discussed above with respect to blocks 1115 and/or
1125. The channel availability circuit 1160 may include one
or more of a programmable chip, a processor, a memory, and
a network interface. For example, the channel availability
circuit 1160 may include the processor 204 or the selective
CCA circuit 228. In some implementations, a means for
determining whether a particular channel 1s available may
include the channel availability circuit 1160.

In some implementations, the transmission bandwidth
determining circuit 11635 may be configured to perform one
or more of the functions discussed above with respect to

blocks 1115 and/or 1125. The transmission bandwidth deter-

mining circuit 1165 may include one or more of a program-
mable chip, a processor, a memory, and a network interface.
For example, the transmission bandwidth determining cir-
cuit 1165 may include the processor 204 or the selective
CCA circuit 228. In some implementations, a means for
determining a transmission bandwidth may include the
transmission bandwidth determining circuit 1163.

In some implementations, the variable bandwidth trans-
mission circuit 1170 may be configured to perform one or
more of the functions discussed above with respect to blocks
1120 and/or 1130. The variable bandwidth transmission
circuit 1170 may include one or more of a programmable
chip, a processor, a memory, and a network interface. For
example, the variable bandwidth transmission circuit 1170
may include the transmitter 210. In some 1mplementations,
a means for transmitting at a transmission bandwidth may
include the variable bandwidth transmission circuit 1170.

FIG. 12A 1llustrates one example implementation of a
method of transmit power based clear channel assessment on
a wireless medium. In one aspect, process 1200 may be
performed by the wireless device 202 illustrated in FIG. 2.
In some aspects, process 1200 may be performed by block
810 of FIG. 8A. In other aspects, process 1200 may be
performed as part of a different clear channel assessment
process. For example, process 1200 may be performed as
part of a clear channel assessment process that 1s not based
on a transmission poOwer.

In block 1205, a back-ofl procedure 1s performed based on
a first transmission bandwidth. In some aspects, the back-oil
procedure may be based on a first energy threshold. As
discussed above, an energy threshold may correspond to a
transmission bandwidth based on a communication stan-
dard. For example, the communication standard may 1ndi-
cate that a particular energy threshold 1s used to determine
whether a particular transmission bandwidth 1s available.
The particular energy threshold may then be said to corre-
spond to the particular transmission bandwidth. In some
aspects, the back-oll procedure of block 1205 may be based
on at least a measurement of energy within the first trans-
mission bandwidth. This measurement of energy within the
first transmission bandwidth may be compared to the first
energy threshold to determine whether a back-off procedure
should advance 1n some aspects. In some aspects, the
back-oil may be further based on packet detection within the
first transmission bandwidth. For example, the back-ofl of
block 12035 may not be allowed to advance while packets are
detected within the first transmission bandwidth 1n some
aspects.
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Block 1210 determines whether the first transmission
bandwidth 1s available. This determination may be based on
at least the first energy threshold discussed above, and/or
packet detection on the first transmission bandwidth. In
some aspects, the availability of the first transmission band-
width may be based on a measurement of energy within the
first transmission bandwidth. This measurement of energy
within the first transmission bandwidth may be compared to
the first energy threshold in some aspects. If the measure-
ment 1s above the threshold, the first transmission bandwidth
1s not available 1n some aspects. If the measurement of
energy 1s below the first energy threshold, the first trans-
mission bandwidth 1s available 1n some aspects. In some
aspects, availability of the first transmission bandwidth may
be based on packet detection within the first transmission
bandwidth. For example, if packets are detected within the
first transmission bandwidth, block 1210 may determine the
first transmission bandwidth 1s unavailable.

It the first transmission bandwidth 1s available in block
1215, a transmaission 1s performed at the first transmission
bandwidth with a first power level. If the first transmission
bandwidth 1s not available, a transmission 1s performed at a
second transmission bandwidth, but with a second power
level that 1s lower than the first power level.

Because block 1220 transmits on the second transmission
bandwidth which 1s lower than the first transmission band-
width, 1t block 1220 transmitted with an equivalent power
level, the energy per bandwidth injected into the second
transmission bandwidth would be higher than may be
assumed 1n the design considerations of the back-ofl per-
formed 1n block 1205. In some aspects, the first transmission
bandwidth of FIG. 12A 1s a secondary channel on the
wireless network. In some aspects, the second transmission
bandwidth of FIG. 12A 1s a primary channel on the wireless
network. In other aspects, the second transmission band-
width may be a different secondary channel than the first
transmission bandwidth.

By using a power level lower than the first power level,
block 1220 injects potential interference into the wireless
medium at a density within the second transmission band-
width that 1s less than or equal to the density with which
energy would be injected into the wider first transmission
bandwidth when using the first power level. Theretore, the
injected energy per ifrequency band is correlated with the
back ofl performed in block 1205.

FIG. 12B 1s a functional block diagram of a wireless
apparatus that may be employed within the wireless com-
munication device 202 of FIG. 2. Those skilled 1n the art will
appreciate that a wireless communication apparatus may
have more components than the simplified wireless com-
munication apparatus 1250 shown 1 FIG. 12B. The wireless
communication apparatus 1250 shown includes only those
components useful for describing some prominent features
of implementations within the scope of the claims. The
wireless communication apparatus 1250 may include a
transmit power based clear channel assessment circuit 1255,
a channel availability circuit 1260, a transmission power
determining circuit 1265, and a variable power transmission
circuit 1270.

In some 1mplementations, the transmit power based clear
channel assessment circuit 1255 may be configured to
perform one or more of the functions discussed above with
respect to block 1205. The transmit power based clear
channel assessment circuit 12335 may include one or more of
a programmable chip, a processor, a memory, and a network
interface. For example, the transmit power based clear
channel assessment circuit 1255 may include the selective
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CCA module 228 and/or the processor 204. In some 1mple-
mentations, a means for performing a back-ofl procedure
may include the selective clear channel assessment circuit
1255.

In some implementations, the channel availability circuit
1260 may be configured to perform one or more of the
functions discussed above with respect to block 1210. The
channel availability circuit 1260 may include one or more of
a programmable chip, a processor, a memory, and a network
interface. For example, the channel availability circuit 1260
may 1include the selective CCA module 228 and/or the
processor 204. In some implementations, a means for deter-
mining whether a channel 1s available may include the
channel availability circuit 1260.

In some 1mplementations, the transmission power deter-
mining circuit 1265 may be configured to perform one or
more of the Tunctions discussed above with respect to blocks
1220 and/or 1225. The transmission power determining
circuit 1265 may include one or more of a programmable
chip, a processor, a memory, and a network interface. For
example, the transmission power determining circuit 1265
may 1include the selective CCA module 228 and/or the
processor 204. In some implementations, a means for deter-
mining a transmission power may include the transmission
power determining circuit 1265.

In some implementations, the variable power transmis-
s1on circuit 1270 may be configured to perform one or more
of the functions discussed above with respect to blocks 1220
and/or 1225. The varniable power transmission circuit 1270
may include one or more of a programmable chip, a pro-
cessor, a memory, and a network interface. For example, the
variable power transmission circuit 1270 may include the
transmitter 204. In some 1mplementations, a means for
transmitting at a transmit power may include the variable
power transmission circuit 1270.

FIG. 13A 1llustrates one example implementation of a
method of transmit power based clear channel assessment on
a wireless medium. In one aspect, process 1300 may be
performed by the wireless device 202 illustrated 1in FIG. 2.
In some aspects, process 1300 may be performed by block
810 of FIG. 8A. In other aspects, process 1300 may be
performed as part of a different clear channel assessment
process. For example, process 1300 may be performed as
part of a clear channel assessment process that 1s not based
on a transmission poOwer.

In block 1305, a back-ofl procedure 1s performed based on
at least a first energy threshold corresponding to a first
transmission bandwidth. In some aspects, the back-ofl pro-
cedure of block 1305 1s further based on packet detection
within the first transmission bandwidth. For example, the
back-ofl procedure may not advance while one or more
packets are detected within the first transmission bandwidth.
Because the back-off procedure 1s performed based on
parameters such as an energy threshold, packet detection
energy threshold, and/or packet detection bandwidth asso-
ciated with the first transmission bandwidth, 1t can be said
that the back-oil procedure of block 1305 1s based on at least
the first transmission bandwidth.

After completion of the first back-ofl procedure in block
1305, decision block 1310 determines whether the first
transmission bandwidth 1s available. This determination
may be based on at least the first energy threshold. The first
energy threshold may correspond to the first transmission
bandwidth. For example, the first transmission bandwidth
may be a secondary channel on the wireless network. The
first energy threshold may be associated with clear channel
assessment of the first transmission bandwidth.
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In some aspects, the determination of availability 1n block
1310 may be further based on an energy threshold corre-
sponding to a primary channel. For example, block 1310
may determine the availability of a primary channel as part
of determining the availability of a secondary channel, as the
secondary channel may rely on the primary channel for at
least a portion of 1ts transmission bandwidth.

The determination 1n block 1310 may also be based on
packet detection within the first transmission bandwidth as
discussed above with respect to the back-ofl procedure of
block 1305. The packet detection may be based on packet
detection threshold separate from the energy detection
threshold(s). If the first transmission bandwidth 1s available,
a message 1s transmitted at the first transmission bandwidth

in block 1315.

If the first transmission bandwidth 1s not available at the
completion of the first back-oil procedure, a second back-off
procedure 1s performed in block 1320 based on at least a
second energy threshold corresponding to a second trans-
mission bandwidth. In some aspects, the second back-ofl
procedure may be further based on packet detection within
the second transmission bandwidth. For example, the second
back-ofl procedure may not advance while one or more
packets are detected within the first transmission bandwidth.
Because the second back-oil procedure 1s performed based
on parameters such as an energy threshold, packet detection
energy threshold, and/or packet detection bandwidth asso-
ciated with the second transmission bandwidth, 1t can be said
that the second back-ofl procedure of block 1320 1s based on
at least the second transmission bandwidth. After comple-
tion of the second back-ofl procedure 1n block 1320, if the
second transmission bandwidth 1s available, a transmission
at the second transmission bandwidth 1s performed 1n block
1330.

Otherwise, a third back-ofl procedure 1s performed in
block 1335 based on at least a third energy threshold
corresponding to a third transmission bandwidth. Similar to
the previously discussed back-ofl procedures, the third back-
ofl procedure may be based on packet detection within the
third transmission bandwidth. Because the third back-ofl
procedure 1s performed based on parameters such as an
energy threshold, packet detection energy threshold, and/or
packet detection bandwidth associated with the third trans-
mission bandwidth, it can be said that the third back-off
procedure of block 1335 is based on at least the third
transmission bandwidth. After completion of the third back-
ofl procedure 1n block 1335, i1 the third transmission band-
width 1s available, a transmission at the third transmission
bandwidth 1s performed 1n block 1345. If the third trans-
mission bandwidth 1s not available in block 1340, a fourth
back-ofl procedure 1s performed 1n block 1346 based on at
least a fourth energy threshold corresponding to a fourth
transmission bandwidth. The fourth back-ofl procedure may
be further based on packet detection within the fourth
transmission bandwidth. Because the fourth back-ofl proce-
dure 1s performed based on parameters such as an energy
threshold, packet detection energy threshold, and/or packet
detection bandwidth associated with the fourth transmission
bandwidth, 1t can be said that the fourth back-off procedure
of block 1346 1s based on at least the fourth transmission
bandwidth. Af proce-

ter completion of the fourth back-off
dure 1n block 1346, 1f the fourth transmission bandwidth 1s
availlable 1n block 1347, a transmission at the fourth trans-
mission bandwidth 1s performed in block 1348. Otherwise,
processing continues below. For example, in one aspect,
process 1300 may return to block 1305.
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In some aspects, the first, second, and third transmission
bandwidths of FIG. 12A are secondary channels on a wire-
less network, while the fourth transmission bandwidth 1s a
primary channel. In some other aspects, the fourth transmis-
s1on bandwidth 1s also a secondary channel. In some aspects,
the first transmission bandwidth 1s wider than the second
transmission bandwidth, which 1s wider than the third trans-
mission bandwidth, which 1s wider than the first transmais-
sion bandwidth. In some aspects, the two or more of the
bandwidths discussed with respect to FIG. 13 A may overlap.
For example, iI the fourth transmission bandwidth 1s a
primary channel, transmitting over the first transmission
bandwidth may also utilize the bandwidth associated with
the primary channel.

Process 1300 may result in a reduced probability of
collisions when compared to other methods that do not
necessarily perform a back-ofl procedure specific to a sec-
ondary channel before transmitting on the secondary chan-
nel. By serially performing a back-ofl procedure corre-
sponding to each potential transmission bandwidth before
transmitting on that transmission bandwidth, process 1300 1s
designed to increase the probabaility that a secondary channel
1s 1dle before a transmission 1s 1nitiated on the secondary
channel.

FIG. 13B 1s a functional block diagram of a wireless
apparatus that may be employed within the wireless com-
munication device 202 of FIG. 2. Those skilled 1n the art wall
appreciate that a wireless communication apparatus may
have more components than the simplified wireless com-
munication apparatus 1350 shown 1 FIG. 13B. The wireless
communication apparatus 1350 shown includes only those
components useful for describing some prominent features
of 1mplementations within the scope of the claims. The
wireless communication apparatus 1330 may include a
transmit power based back-ofl selection circuit 1355, a
threshold dependent back-oif circuit 1360, a channel avail-
ability determination circuit 1365, and a bandwidth selective
transmission circuit 1370.

In some implementations, the transmit power based back-
ofl selection circuit 1355 may be configured to perform one
or more of the functions discussed above with respect to
blocks 1305, 1320, 1335, and 1346. The back-off selection
circuit 1355 may include one or more of a programmable
chip, a processor, a memory, and a network interface. For
example, the transmit power based back-ofl selection circuit
1355 may include the selective CCA module 228 and/or the
processor 204. In some implementations, a means for select-
ing a back-ofl procedure may include the transmit power
based back-ofl selection circuit 1355.

The device 1350 may be further configured to comprise a
threshold dependent back-off circuit 1360. In some 1mple-
mentations, the threshold dependent back-ofl circuit 1360
may be configured to perform one or more of the functions
discussed above with respect to blocks 1305, 1320, 1335,
and 1346. The threshold dependent back-off circuit 1360
may 1nclude one or more of a programmable chip, a pro-
cessor, a memory, and a network intertface. For example, the
threshold dependent back-ofl circuit 1360 may include the
selective CCA module 228 and/or the processor 204. In
some 1implementations, a means for backing off may include
the threshold dependent back-ofl circuit 1360.

Device 1350 may be further configured to include a
channel availability circuit 1365. The channel availability
circuit 1365 may be configured to perform one or more of
the functions of block 1310, 1325, 1340 and/or 1347 dis-
cussed above. The channel availability circuit 1365 may
include one or more of a programmable chip, a processor, a
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memory, and a network interface. For example, the channel
availability circuit 1365 may include the processor 204. In
some 1mplementations, a means for determining channel
availability may include the transmit channel availability
circuit 1365.

Device 1350 may be further configured to include a
bandwidth selective transmission circuit 1370. The band-
width selective transmission circuit 1370 may be configured
to perform one or more of the functions of block 1315, 1330,
1345, and/or 1348 discussed above. The bandwidth selective
transmission circuit 1370 may include one or more of a
programmable chip, a processor, a memory, and a network
interface. For example, the bandwidth selective transmission
circuit 1370 may include the transmitter 210. In some
implementations, a means for transmitting at a particular
bandwidth may include the bandwidth selective transmis-
sion circuit 1370.

FIG. 14A illustrates one example implementation of a
method of transmait power based clear channel assessment on
a wireless medium. In one aspect, process 1400 may be
performed by the wireless device 202 illustrated 1in FIG. 2.
In some aspects, process 1400 may be performed by block
810 of FIG. 8A. In other aspects, process 1400 may be
performed as part of a diflerent clear channel assessment
process. For example, process 1400 may be performed as
part of a clear channel assessment process that 1s not based
on a transmission power.

In block 1405, a first back-ofl procedure 1s performed
based at least on a first energy threshold corresponding to a
first transmission bandwidth. The first back-oil procedure 1s
turther based on a first transmission power level. The first
back-ofl procedure may determine an amount of energy
within the first transmission bandwidth, and make a relative
comparison of the amount with the first energy threshold. If
the amount of energy 1s above the energy threshold, the first
back-oil procedure may determine that the first transmission
bandwidth 1s currently unavailable. This may prevent the
back-ofl procedure from progressing until another measure-
ment 1s performed that determines the first transmission
bandwidth 1s available. For example, the back-ofl procedure
may be preventing from progressing by not decrementing or
otherwise adjusting a back-oil counter until the first trans-
mission bandwidth 1s determined to be available. In some
aspects, the first back-oil procedure may be further based on
packet detection within the first transmission bandwidth. For
example, while packets are detected within the first trans-
mission bandwidth, the back-ofl procedure may be pre-
vented from advancing toward a completion point. Because
the back-off procedure 1s performed based on parameters
such as an energy threshold, packet detection threshold,
and/or packet detection bandwidth associated with the first
transmission bandwidth, it can be said that the back-off
procedure ol block 1405 1s based on at least the first
transmission bandwidth.

After completion of the first back-ofl procedure, a deter-
mination of whether a second transmission bandwidth 1s
available 1s performed. The second transmission bandwidth
1s higher than the first transmission bandwidth. The second
back-ofl procedure 1s further based on a second energy
threshold, which corresponds to the second transmission
bandwidth. The second energy threshold may be further
based on a second transmission power level that 1s higher
than the first transmission power level. The determination of
whether the second transmission bandwidth 1s available may
include measuring an amount of energy present on the
wireless medium within the second transmission bandwidth.
This amount of energy may be compared relative to the
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second energy threshold. A wireless standard may associate
the second energy threshold with the second transmission
bandwidth. If the amount of energy exceeds the second
energy threshold, block 1410 may determine that that second
transmission bandwidth 1s not available. Alternatively, if the
amount of energy 1s below the second energy threshold,
block 1410 may determine that the second transmission
bandwidth 1s available. In some aspects, the second back-oil
procedure may be further based on packet detection within
the second transmission bandwidth. For example, while
packets are detected within the second transmission band-
width, the second back-oil procedure may be prevented from
advancing toward a completion point.

If the second transmission bandwidth is available in block
1415, block 1425 performs a transmission at the second
transmission bandwidth at a third power level. The third
power level 1s below the second power level and above the
first power level. Because the back-ofl procedure performed
in block 1405 was based on parameters corresponding to the
first transmission bandwidth and power level, transmission
over the second bandwidth 1s performed at a lower power
level than might otherwise be “qustified” by the determining
of block 1410. For example, 1n some aspects, the back-oflf
procedure of block 1405 may be shorter than would be the
case 1f the back-oll procedure of 1405 was performed based
on an energy threshold corresponding to the second power
level.

If the second transmission bandwidth 1s not available 1n
block 1415, block 1420 performs a transmission over the
first transmission bandwidth at the first transmission power
level. Note that 1n some aspects, the second transmission
bandwidth 1s wider than the first transmission bandwidth. In
some aspects, the first transmission bandwidth may be a
primary channel on a wireless network while the second
transmission bandwidth 1s a secondary channel on the wire-
less network. In some aspects, the second transmission
bandwidth includes the first transmission bandwidth. For
example, transmitting over a 16 Mhz secondary channel
may utilize a frequency range of the first transmission
bandwidth.

FIG. 14B 1s a functional block diagram of a wireless
apparatus that may be employed within the wireless com-
munication device 202 of FIG. 2. Those skilled 1n the art wall
appreciate that a wireless communication apparatus may
have more components than the simplified wireless com-
munication apparatus 1450 shown 1 FIG. 14B. The wireless
communication apparatus 1450 shown includes only those
components useful for describing some prominent features
of 1mplementations within the scope of the claims. The
wireless communication apparatus 1430 may include a
transmit power based clear channel assessment circuit 1455,
a channel availability circuit 1460, transmission power
determining circuit 1465, and a variable power transmission
circuit 1470.

In some 1implementations, the transmit power based clear
channel assessment circuit 1455 may be configured to
perform one or more of the functions discussed above with
respect to block 1405. The transmit power based clear
channel assessment circuit 1455 may 1include one or more of
a programmable chip, a processor, a memory, and a network
interface. For example, the transmit power based clear
channel assessment circuit may include the processor 204 or
the selective CCA circuit 228. In some implementations, a
means for transmit power based clear channel assessment
circuit may include the transmit power based clear channel
assessment circuit 1455,
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Device 1450 may be further configured to include a
channel availability circuit 1460. The channel availability
circuit 1460 may be configured to perform one or more of
the functions of block 1410 and/or 1415 discussed above.
The channel availability circuit 1460 may include one or
more of a programmable chip, a processor, a memory, and
a network interface. For example, the channel availability
circuit 1460 may include the processor 204. In some 1mple-
mentations, a means for determining channel availability
may include the transmit channel availability circuit 1460.

Device 1450 may be further configured to include a
transmission power determining circuit 1465, The transmis-
sion power determining circuit 1465 may be configured to
perform one or more of the functions of block 1420 and/or
1425 discussed above. The transmission power determining
circuit 1465 may include one or more of a programmable
chip, a processor, a memory, and a network interface. For
example, the transmission power determining circuit 1463
may include the processor 204. In some 1implementations, a
means for determining a transmission power may include
the transmission power determining circuit 1463.

Device 1450 may be further configured to include a
variable power transmission circuit 1470. The wvariable
power transmission circuit 1470 may be configured to
perform one or more of the functions of block 1420 and/or
1425 discussed above. The variable power transmission
circuit 1470 may include one or more of a programmable
chip, a processor, a memory, and a network interface. For
example, the variable power transmission circuit 1470 may
include the transmitter 210. In some 1mplementations, a
means for transmitting at a power level may include the
variable power transmission circuit 1470,

In some implementations, the variable power transmitting,
circuit 1470 may be configured to perform one or more of
the functions discussed above with respect to blocks 1420
and 1425. The variable power transmitting circuit 1470 may
include one or more of a programmable chip, a processor, a
memory, and a network interface. For example, the trans-
mitting circuit may include the transmitter 210. In some
implementations, a means for transmitting a message with a
particular transmit power may include the variable power
transmitting circuit 1470.

FIG. 15A 1illustrates one example implementation of a
method of clear channel assessment on a wireless network.
In one aspect, process 1500 may be performed by the
wireless device 202 1llustrated 1in FIG. 2. For example, in
some aspects, blocks 1505-1510 may be performed by the
processor 204 while block 1515 1s performed by the trans-
mitter 210.

As discussed above, in some aspects, clear channel
assessment thresholds may be based on the transmission
bandwidth. For example, a transmission over a wider trans-
mission bandwidth injects more energy into the network
than a transmission over a narrower transmission bandwidth.
Therefore, 1n some aspects, a transmission over the wider
transmission bandwidth may utilize a back-ofl procedure
that utilizes lower CCA thresholds than a back-oil procedure
that precedes a transmission over a narrower bandwidth. By
tuning (via CCA thresholds particular to a transmission
bandwidth) the sensitivity of a back-ofl procedure based on
an amount of energy to be mjected onto a wireless network
(1.c. based on the transmission bandwidth), a clear channel
assessment strategy may more fairly allocate the wireless
medium to devices utilizing differing transmission param-
eters.

In block 1505, a clear channel assessment threshold i1s
determined based on a first transmission bandwidth. The first
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transmission bandwidth may be an intended transmission
bandwidth for a first message. The determined clear channel
assessment threshold may be associated with the first trans-
mission bandwidth, and the determination may be based on
the association. For example, a device performing process
1500 may receive an association between the first transmis-
s1on bandwidth and the determined clear channel assessment
threshold via communications with an access point. In some
aspects, devices on a wireless network may receive one or
more mappings of transmission frequencies and/or transmis-
s1on powers to a particular clear channel assessment thresh-
old from another wireless device, such as an access point. In
some aspects, devices on the wireless network, such as a
device performing process 1500, may hard code mappings
of transmission Irequencies/powers to CCA thresholds.
These mappings may be based on specifications provided by,
for example, an industry standard, such as an 802.11 stan-
dard.

The clear channel assessment threshold may be utilized to
detect one or more conditions on a wireless medium. An
energy level on the wireless medium may be compared to
the clear channel assessment threshold. If the energy level 1s
above the CCA threshold, a condition may be determined to
be present. If the energy level 1s below the CCA threshold,
the condition may be determined to be not present.

One clear channel assessment threshold 1s a packet detec-
tion threshold. The packet detection threshold may be used
by some back-oil procedures to determine whether a packet
1s being transmitted over the wireless medium. For example,
i a signal level of the wireless medium exceeds the packet
detection threshold, the signal may be decoded to 1dentily or
detect a packet or at least a packet preamble. Some back-oil
procedures may determine whether a wireless medium 1s
idle based on whether a packet 1s detected on the medium or
not.

Another clear channel assessment threshold may be an
energy detection threshold. The energy detection threshold
may be compared to an energy level of a wireless medium
to determine whether the wireless medium is 1dle. In some
aspects, an energy detection threshold may be used to
determine whether non-802.11 wireless transmissions are
occurring on the wireless medium. Some back-ofl proce-
dures may determine whether a wireless medium 1s 1idle
based on whether an energy level of the wireless medium 1s
above the energy detection threshold. In some aspects, a
clear channel assessment threshold 1s a mid-packet detection
threshold. A mid-packet detection threshold may be used to
determine whether a packet 1s being transmitted on the
network. A wireless medium’s energy level relative to a
mid-packet detection threshold may be utilized to determine
whether the wireless medium 1s 1dle 1n some 1implementa-
tions.

In block 1510, a back off procedure 1s performed based on
the determined clear channel assessment threshold. For
example, the back-ofl procedure may utilize the determined
clear channel assessment threshold to determine whether a
wireless medium 1s 1dle. As discussed above, 1f an energy
level of the wireless medium 1s below the threshold, the
wireless medium may be determined to be idle. In some
aspects, an energy level of the wireless medium may be
compared to a set of thresholds. In these aspects, whether the
wireless medium 1s 1dle may be based on the wireless
medium’s energy level relative to the set of thresholds.

If the wireless medium 1s determined to be idle, the
back-ofl algorithm may advance. In some aspects, this may
include decrementing a back-ofl counter towards a termi-
nating condition. If the medium 1s determined to not be idle,
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the back-ofl procedure may not advance, but may “loop,”
and continue to wait for a period of time, before an addi-
tional 1dle determination 1s performed. FIG. 9A provides one
example of a back-ofl procedure that utilizes a clear channel
assessment threshold. For example, both the first energy
threshold and second energy threshold discussed with
respect to FIG. 9A may be considered clear channel assess-
ment thresholds. Process 900 may be considered a back-oil
procedure 1n some aspects (except block 945).

In some aspects, a second back-ofl procedure may be
performed 1n response to a completion of the first back-ofl
procedure. For example, after the first back-ofl procedure
completes, the first transmission bandwidth may be deter-
mined to still be unavailable. Some 1mplementations may
then 1nitiate a second back-oil procedure based on a second
transmission frequency. For example, an implementation
may first attempt to transmit over a broad transmission
bandwidth. If, after completing a back-ofl procedure asso-
ciated with the broad transmission bandwidth, the broad
transmission bandwidth 1s unavailable, a narrower transmis-
sion bandwidth may be selected. A back-ofl procedure
associated with the narrower transmission bandwidth may
then be performed. After completion of this second back-ofl
procedure, a message may be transmitted over the narrower
bandwidth 1f 1t 1s determined to be available after its
corresponding back-ofl procedure has been completed.

In some aspects, a {irst and second sub-back oil procedure
may be performed at least partially in parallel. Each of the
sub-back-ofl procedure may be based on a diflerent trans-
mission bandwidth. For example, as shown i FIG. 10A,
block 1005a performs a back-off based on a first energy
threshold that corresponds to a first transmission bandwidth,
while block 100556 performs a back-oil procedure based on
a second energy threshold that corresponds to a second
transmission bandwidth. In some aspects, when a first of the
at least two sub-back ofl procedure completes, a message 1s
transmitted over a transmission bandwidth corresponding to
the first sub-back off procedure (or corresponding to a CCA
threshold used by the first sub-back off procedure).

In block 1515, a first wireless message 1s transmitted in
response to a completion of the first back-ofl procedure. In
some aspects, the first back-ofl procedure may be considered
complete when a back-ofl counter associated with the first
back-ofl procedure reaches a termination threshold. In some
aspects, the termination threshold may be zero. For example,
in the example of FIG. 9A, the back-ofl procedure completes
when the “yes” branch of decision block 940 i1s taken.

FIG. 15B 1s a functional block diagram of a wireless
apparatus that may be employed within the wireless com-
munication device 202 of FIG. 2. Those skilled 1n the art wall
appreciate that a wireless communication apparatus may
have more components than the simplified wireless com-
munication apparatus 1550 shown 1n FIG. 15B. The wireless
communication apparatus 1550 shown includes only those
components useful for describing some prominent features
of implementations within the scope of the claims. The
wireless communication apparatus 1550 may 1include a
transmission Ifrequency based clear channel assessment
threshold selection circuit 1555, a back-off circuit 1560, and
a transmission circuit 1565.

In some implementations, the transmission frequency
based clear channel assessment threshold selection circuit
1555 may be configured to perform one or more of the
functions discussed above with respect to block 1505. The
transmission Irequency based clear channel assessment
threshold selection circuit 1555 may include one or more of
a programmable chip, a processor, a memory, and a network

10

15

20

25

30

35

40

45

50

55

60

65

42

interface. For example, the transmission frequency based
clear channel assessment threshold selection circuit 15535
may include the processor 204 or the selective CCA circuit
228. In some implementations, a means for determining a
CCA threshold based on a transmit frequency may include
the transmission frequency based clear channel assessment
threshold selection circuit 1555.

In some implementations, the back-ofl circuit 1560 may
be configured to perform one or more of the functions
discussed above with respect to block 1510. The back-off
circuit 1560 may include one or more of a programmable
chip, a processor, a memory, and a network interface. For
example, the back-off circuit 1560 may include the proces-
sor 204 or the selective CCA circuit 228. In some imple-
mentations, a means for performing a back-ofl procedure
may include the back-ofl circuit 1560.

In some 1mplementations, the transmait circuit 1565 may
be configured to perform one or more of the functions
discussed above with respect to block 1515. The transmit
circuit 15635 may include one or more of a programmable
chip, a processor, a memory, and a network interface. For
example, the transmit circuit 1565 may include the trans-
mitter 210. In some 1implementations, a means for transmit-
ting may include the transmit circuit 1565.

As used herein, the term “determining” encompasses a
wide variety of actions. For example, “determining” may
include calculating, computing, processing, deriving, inves-
tigating, looking up (e.g., looking up 1n a table, a database
or another data structure), ascertaining and the like. Also,
“determining” may include receiving (e.g., receiving infor-
mation), accessing (e.g., accessing data in a memory) and
the like. Also, “determining” may include resolving, select-
ing, choosing, establishing and the like. Further, a “channel
width” as used herein may encompass or may also be
referred to as a bandwidth 1n certain aspects.

As used herein, a phrase referring to “at least one of” a list
of 1tems refers to any combination of those items, including
single members. As an example, “at least one of: a, b, or ¢”
1s intended to cover: a, b, ¢, a-b, a-c, b-c, and a-b-c.

The various operations of methods described above may
be performed by any suitable means capable of performing
the operations, such as various hardware and/or software
component(s), circuits, and/or module(s). Generally, any
operations 1illustrated in the Figures may be performed by
corresponding functional means capable of performing the
operations.

The various illustrative logical blocks, modules and cir-
cuits described 1n connection with the present disclosure
may be implemented or performed with a general purpose
processor, a digital signal processor (DSP), an application
specific integrated circuit (ASIC), a field programmable gate
array signal (FPGA) or other programmable logic device
(PLD), discrete gate or transistor logic, discrete hardware
components or any combination thereof designed to perform
the functions described herein. A general purpose processor
may be a microprocessor, but 1n the alternative, the proces-
sor may be any commercially available processor, controller,
microcontroller or state machine. A processor may also be
implemented as a combination of computing devices, e.g., a
combination of a DSP and a microprocessor, a plurality of
MICroprocessors, One or more miCroprocessors in conjunc-
tion with a DSP core, or any other such configuration.

In one or more aspects, the functions described may be
implemented in hardware, software, firmware, or any com-
bination thereof. If implemented 1n soitware, the functions
may be stored on or transmitted over as one or more
instructions or code on a computer-readable medium. Com-
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puter-readable media includes both computer storage media
and communication media mncluding any medium that facili-
tates transfer of a computer program from one place to
another. A storage media may be any available media that
can be accessed by a computer. By way of example, and not
limitation, such computer-readable media can comprise
RAM, ROM, EEPROM, CD-ROM or other optical disk
storage, magnetic disk storage or other magnetic storage
devices, or any other medium that can be used to carry or
store desired program code 1n the form of instructions or
data structures and that can be accessed by a computer. Also,
any connection 1s properly termed a computer-readable
medium. For example, 1f the software 1s transmitted from a
website, server, or other remote source using a coaxial cable,
fiber optic cable, twisted pair, digital subscriber line (DSL),
or wireless technologies such as mirared, radio, and micro-
wave, then the coaxial cable, fiber optic cable, twisted parr,
DSL, or wireless technologies such as infrared, radio, and
microwave are included in the definition of medium. Disk
and disc, as used herein, includes compact disc (CD), laser
disc, optical disc, digital versatile disc (DVD), floppy disk
and blu-ray disc where disks usually reproduce data mag-
netically, while discs reproduce data optically with lasers.
Thus, 1n some aspects computer readable medium may
comprise non-transitory computer readable medium (e.g.,
tangible media). In addition, in some aspects computer
readable medium may comprise transitory computer read-
able medium (e.g., a signal). Combinations of the above
should also be included within the scope of computer-
readable media.

The methods disclosed herein comprise one or more steps
or actions for achieving the described method. The method
steps and/or actions may be interchanged with one another
without departing from the scope of the claims. In other
words, unless a specific order of steps or actions 1s specified,
the order and/or use of specific steps and/or actions may be
modified without departing from the scope of the claims.

The functions described may be implemented 1n hard-
ware, software, firmware or any combination thereof. If
implemented 1n software, the functions may be stored as one
or more instructions on a computer-readable medium. A
storage media may be any available media that can be
accessed by a computer. By way of example, and not
limitation, such computer-readable media can comprise
RAM, ROM, EEPROM, CD-ROM or other optical disk
storage, magnetic disk storage or other magnetic storage
devices, or any other medium that can be used to carry or
store desired program code 1n the form of instructions or
data structures and that can be accessed by a computer. Disk
and disc, as used herein, include compact disc (CD), laser
disc, optical disc, digital versatile disc (DVD), floppy disk,
and Blu-ray® disc where disks usually reproduce data
magnetically, while discs reproduce data optically with
lasers.

Thus, certain aspects may comprise a computer program
product for performing the operations presented herein. For
example, such a computer program product may comprise a
computer readable medium having instructions stored (and/
or encoded) thereon, the instructions being executable by
one or more processors to perform the operations described
herein. For certain aspects, the computer program product
may include packaging materal.

Soltware or instructions may also be transmitted over a
transmission medium. For example, 1f the software 1s trans-
mitted from a website, server, or other remote source using,
a coaxial cable, fiber optic cable, twisted pair, digital sub-
scriber line (DSL), or wireless technologies such as infrared,
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radio, and microwave, then the coaxial cable, fiber optic
cable, twisted pair, DSL, or wireless technologies such as
infrared, radio, and microwave are included in the definition
ol transmission medium.

Further, 1t should be appreciated that modules and/or
other appropriate means for performing the methods and
techniques described herein can be downloaded and/or oth-
erwise obtained by a user terminal and/or base station as
applicable. For example, such a device can be coupled to a
server to facilitate the transter of means for performing the
methods described herein. Alternatively, various methods
described herein can be provided via storage means (e.g.,
RAM, ROM, a physical storage medium such as a compact
disc (CD) or floppy disk, etc.), such that a user terminal
and/or base station can obtain the various methods upon
coupling or providing the storage means to the device.
Moreover, any other suitable technique for providing the
methods and techniques described herein to a device can be
utilized.

It 1s to be understood that the claims are not limited to the
precise configuration and components illustrated above.
Various modifications, changes and variations may be made
in the arrangement, operation and details of the methods and
apparatus described above without departing from the scope
of the claims.

While the foregoing 1s directed to aspects of the present
disclosure, other and further aspects of the disclosure may be

devised without departing from the basic scope thereot, and
the scope thereol 1s determined by the claims that follow.

What 1s claimed 1s:
1. A method of clear channel assessment on a wireless
network, comprising:

determining, by an electronic device, a first transmission
bandwidth for a first wireless message;

determining, by the electronic device, a clear channel
assessment (CCA) threshold based on the first trans-
mission bandwidth for the first wireless message;

performing, by the electronic device, a first back-off
procedure based on the determined clear channel
assessment threshold to determine 11 the first transmis-
ston bandwidth 1s available for transmission of the first
wireless message, wherein the first back-ofl procedure
comprises performing at least two sub-back-oil proce-
dures at least partially in parallel, each sub-back-ofif
procedure utilizing a different frequency range to detect
energy or to detect a packet; and

transmitting, by the electronic device, the first wireless
message over the first transmission bandwidth 1n
response to a completion of the first back-ofl procedure.

2. The method of claim 1, further comprising:

determining a packet detection energy threshold based on
the first transmission bandwidth, wherein performing
the first back-ofl procedure comprises:

detecting whether a packet 1s being transmitted on the
wireless network based on the packet detection energy
threshold, and

determining whether the first transmission bandwidth 1s
idle based on whether a packet 1s detected.

3. The method of claim 1, further comprising:

determining a first energy threshold based on the first
transmission bandwidth, wherein performing the first
back-oil procedure comprises:

determining whether a received wireless network energy
level at the first transmission bandwidth 1s below the
first energy threshold, and
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determining whether the first transmission bandwidth 1s
idle based on whether the energy level 1s below the first
energy threshold.

4. The method of claim 1, further comprising:

completing a first of the at least two sub-back ofl proce-
dures: and

transmitting the first wireless message over a transmission
bandwidth corresponding to the first sub-back-oil pro-
cedure 1n response to a completion of the first sub-
back-oil procedure.

5. The method of claim 1, wherein performing the first

back-ofl procedure comprises:

in response to completion of the first back-ofl procedure,
determining whether the first transmission bandwidth 1s
available, wherein the first wireless message 1s trans-

mitted at the first transmission bandwidth i1t 1t 1s avail-
able;

if the first transmission bandwidth 1s not available, per-
forming a second back-oil procedure based on a second
transmission bandwidth lower than the first transmis-
sion bandwidth; and
in response to completion of the second back-ofl proce-
dure, determiming whether the second transmission
bandwidth 1s available, wherein the first wireless mes-
sage 1s transmifted at the second transmission band-
width 1f 1t 1s available.
6. An apparatus for clear channel assessment on a wireless
network, comprising;:
an electronic hardware processor configured to:
determine a first transmission bandwidth for a first
wireless message;
determine a clear channel assessment (CCA) threshold
based on the first transmission bandwidth for the first
wireless message;
perform a first back-ofl procedure based on the deter-
mined clear channel assessment threshold to deter-
mine 1f the first transmission bandwidth 1s available
for transmission of the first wireless message,
wherein the electronic hardware processor 1s config-
ured to perform the first back-oil procedure by
performing at least two sub-back-ofl procedures at
least partially 1n parallel, each sub-back-oil proce-
dure utilizing a different frequency range to detect
energy or to detect a packet; and
a transmitter configured to transmit the first wireless
message over the first transmission bandwidth in
response to a completion of the first back-ofl procedure.
7. The apparatus of claim 6, wherein the electronic
hardware processor 1s further configured to:
determine a packet detection energy threshold based on
the first transmission bandwidth, wherein the processor
1s configured to perform the first back-ofl procedure by:
detect whether a packet 1s being transmitted on the
wireless network based on the packet detection energy
threshold, and
determine the first transmission bandwidth 1s idle 1f a
packet 1s not detected.
8. The apparatus of claim 6, wherein the electronic
hardware processor 1s further configured to:
determine a first energy threshold based on the first
transmission bandwidth, wherein the processor 1s fur-
ther configured to perform the first back-ofl procedure
by:
determine whether a received wireless network energy
level at the first transmission bandwidth 1s below the
first energy threshold, and
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determine the first transmission bandwidth 1s 1dle 1f the

energy level 1s below the first energy threshold.

9. The apparatus of claim 6, wherein the electronic
hardware processor 1s further configured to:

complete a first of the at least two sub-back o

dures; and

transmit the first wireless message over a transmission

bandwidth corresponding to the first sub-back-oil pro-
cedure 1n response to a completion of the first sub-
back-oil procedure.

10. The apparatus of claim 6, wherein the electronic
hardware processor 1s configured to perform the first back-
ofl procedure by:

determining whether the first transmission bandwidth 1s

available 1n response to completion of the first back-ofl
procedure;
transmitting the first wireless message at the first trans-
mission bandwidth 1f 1t 1s determined to be available;

i1 the first transmission bandwidth 1s not available, per-
forming a second back-oil procedure based on a second
transmission bandwidth lower than the first transmis-
sion bandwidth;

determining whether the second transmission bandwidth

1s available 1n response to completion of the second
back-ofl procedure; and

transmitting the first wireless message at the second
transmission bandwidth 11 1t 1s determined to be avail-
able.
11. An apparatus for clear channel assessment on a
wireless network, comprising:
means for determining a {irst transmission bandwidth for
a first wireless message;
means for determining a clear channel assessment (CCA)
threshold based on the first transmission bandwidth for
the first wireless message;
means for performing a first back-ofl procedure based on
the determined clear channel assessment threshold to
determine 1f the first transmission bandwidth 1s avail-
able for transmission of the first wireless message,
wherein the means for performing the first back-oil
procedure 1s configured to perform at least two sub-
back-ofl procedures at least partially in parallel, each
sub-back-ofl procedure utilizing a different frequency
range to detect energy or to detect a packet; and
means for transmitting the first wireless message over the
first transmission bandwidth in response to a comple-
tion of the first back-ofl procedure.
12. The apparatus of claim 11, further comprising:
means for determining a packet detection energy thresh-
old based on the first transmission bandwidth, wherein
the means for performing the first back-ofl procedure 1s
configured to:
detect whether a packet 1s being transmitted on the
wireless network based on the packet detection
energy threshold; and
determine the first transmission bandwidth 1s idle if a
packet 1s not detected.
13. The apparatus of claim 11, further comprising:
means for determiming a first energy threshold based on
the first transmission bandwidth, wherein the means for
performing the first back-ofl procedure 1s configured to:
determine whether a received wireless network energy
level at the first transmission bandwidth 1s below the
first energy threshold; and
determine the first transmission bandwidth 1s 1dle 11 the
energy level 1s below the first energy threshold.
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14. A computer readable non-transitory storage medium
comprising 1nstructions that when executed cause a proces-

sor to perform a

method of clear channel assessment on a

wireless network, the method comprising:
determining a first transmission bandwidth for a first
wireless message;
determining, by the electronic device, a clear channel

assessment

(CCA) threshold based on the first trans-

mission bandwidth for the first wireless message;
performing a first back-oil procedure based on the deter-

mined clear
if the first

channel assessment threshold to determine
transmission bandwidth 1s available for

transmission of the first wireless message, wherein the

first back-o:

I procedure comprises performing at least

two sub-back-ofl procedures at least partially 1n paral-
lel, each sub-back-oil procedure utilizing a different
frequency range to detect energy or to detect a packet;

and

transmitting the first wireless message over the first

transmission bandwidth 1n response to a completion of 20

the first back-ofl procedure.
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15. The computer readable storage medium of claim 14,

the method further comprising:
determining a packet detection energy threshold based on
the first transmission bandwidth, wherein performing

the first

back-ofl procedure comprises:

detecting whether a packet 1s being transmitted on the
wireless network based on the packet detection energy
threshold, and

determining the first transmission bandwidth 1s idle 1f a
packet 1s not detected.

16. The computer readable storage medium of claim 14,

the method further comprising:

determiming a first energy threshold based on the first

transmission bandwidth, wherein performing the first

back-of

[ procedure comprises:

determiming whether a received wireless network energy

level at

the first transmission bandwidth 1s below the

first energy threshold, and
determining the first transmission bandwidth 1s idle if the
energy level 1s below the first energy threshold.
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